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I Am a Record 


ONCEIVED in the mind of an engineer, born in a power 
plant, lulled by the hum and clatter of turbines, enZines and 
pumps, reared by the firm hands of determined workmen. In 

an atmosphere of hissin3, steam reekin}, with oil fumes, cursed for 
things over which I had no control, smeared with 3rease, blamed 
for failures of others, occasionally disfigured for telling the truth, I 
find myself bloodless, heartless, emotionless, meting, out truth and 
justice with cruel severity. Chief or coal passer I call for punish- 
ment or praise without partiality. 

People find me difficult to understand, call me inconsistent; 
never two days alike, pull me to pieces, talk about me continuously, 
and seldom judge me rightly. Yet I win wars, for I save coal; I am 
humanitarian, for I prevent fatal accidents; I am altruistic, for I 
point men to better positions; I hold no secrets; I am a true friend 
to everybody; I point to success or failure with equal willingness; I 
I regulate; I prescribe; I direct; I separate the 300d machine from 
the bad, the safe from the dangerous; the honest man from the 
dishonest; the worthy man, the efficient and energetic worker from 
the unworthy man, the inefficient and lazy worker; I give sweet 
contentment to the man who succeeds and bitter disappointment to 
the failure. I live but a day, week, month or year, yet that life is 
well spent in the betterment of humanity by the advancement of 
science, the conservation of natural resources and the building, up of 
human characters. I am just a record. 

As you read of my possibilities in the pages which follow, ive 
me your sympathy, provide a home for me, rear me as a child of 
your heart with tender thought and care, provide me with healthful 
foodand I shall repay you more than athousand fold for your troubles. 
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Power Plant Records and Analysis 


WHERE ReEcorps ARE ESSENTIAL; CLASSIFICATION FOR POWER 
Piant Use; GENERAL Uses TO WuicH THEy Can BéE Pour 


ILANNING A SYSTEM of records for a 

















power plant which will meet the needs 
P of the plant yet not be a burden upon 
those responsible for its keeping is by 

no means a simple matter, for each item 
SEES recorded must be of use to the engineer 
in responsible charge of the plant; if he 

cannot make use of the item, it may as well be omitted 
and thus economize in the work of record keeping. 


To put any. plant on a sound footing; some record of 
operation is necessary or it will be managed blindly. 

Probably the most important and necessary informa- 
tion which can be gained through adequate records 
comes under one of the following four general heads: 
first, determination of unit costs; second, determination 
of efficiencies ; third, suggestions for reducing unit costs; 
fourth, indications of needed improvements. 

Wherever one man’s work must tie in with another’s 






CABINET AND REFERENCE LIBRARY IN THE CHIEF ENGINEER’S OFFICE OF THE FIRST NATIONAL BANK BUILDING, 


CHICAGO. 


There are many facts and conditions which the engi- 
neer of a plant must know in order that he may use 
good judgment in his management of affairs. This 
knowledge may be gained in very small plants by per- 
sonal experience with the equipment; but as the plant 
becomes larger, one man cannot handle all the equip- 
ment, cannot note all the changing conditions as they 
occur nor can he depend upon his memory for important 
data to be. used in comparison with present conditions. 
In all plants, the memory of one or two individuals is 
never safe to depend upon in important matters and 
permanent records should be kept. 


COPIES OF ALL REPORTS AND INSTRUMENT RECORDS ARE KEPT HERE FOR READY REFERENCE 





that is where we feel the need of a record, so in the 
power plant the first need of a record is to determine 
unit costs. That record is usually demanded by the 
owner and frequently the engineer is not asked to fur- 
nish the data considered necessary, but the informa- 
tion comes from the purchasing and bookkeeping depart- 
ments. The plant owner must know what his power 
costs him or he cannot with accuracy estimate what he 
should charge for it or the products of his factory, which 
uses the power. For the same reason the engineer should 
know the cost of all items entering into the cost of 
power delivered, for only by reducing the cost of these 
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items separately can he hope to reduce the total cost. 
So for each plant the engineer will need to record all 
items entering into the cost of power, from which at 
definite periods he can determine unit power costs and 
make comparisons with former records and those of 
other plants. 

The most convenient method of comparing the per- 
formance of one machine with that of another for the 
same purpose is to determine their efficiencies and com- 
pare these. This information is not usually required 
by the owner, but he will be mightily interested if the 


engineer can show an increase in the efficiency of any - 


machine, for this directly affects his power cost. A 
rough determination of the efficiencies of the principal 
machinery can be made from a well planned log sheet; 
but when a more accurate determination is thought desir- 
able, tests must be run, the data from which form 
records for comparison with the former results and pres- 
ent day practice. 

The reduction of: unit costs is the engineer’s special 
work and_he.should use every means within his power 
to accomplish that result. In planning his log sheet, 
he must keep this in mind and record all available data 
which in* any way affected the performance of his ma- 
chinery, so that he can give intelligent instructions as 
to the proper conditions to maintain. There is prac- 
tically no limit to the data which he can collect for 
this purpose, so he must be guided by the instruments 
available, the work necessary to keep up the records 
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and the time he has at his disposal to analyze his records. 

Obsolescence and inadequacy soon make their appear- 
ance in any power plant and it is only by keeping a 
close tab on each machine or piece of.apparatus and mak- 
ing comparisons with the demands of the plant and the 
performance of the latest types of machine for that 
purpose that an engineer can safely determine when it 
is time to recommend a change or addition. His records, 
if properly planned, will keep him fully informed on 
this point. 

For convenient use, the data needed by the engineer 
may be divided into three classes, which are necessarily 
inter-related but collected differently, and kept sep- 
arately. 

First: Permanent statistics include all data of a 
permanent nature relative to the plant and its equip- 
ment. 

Second: The operating log contains only such data 
as change from day to day and is of greatest aid to 
the engineer in keeping his plant tuned up to the high- 
est pitch. 

Third: Test logs are forms specially planned for 
each machine and filled out during a test for any par- 
ticular purpose. Their value is of particular importance 
when important improvements are contemplated. 

The planning of each class of records, as well as 
their uses, will be taken up in separate articles on the 
pages which follow. 


Permanent Statistics 


CONVENIENT Forms For Recorpina Data RELATIVE TO 
PLANT EquipMEeNnt; Use To WuicH INFoRMATION Is Put 


ATA which will show the original condition of the 
plant and equipment, together with subsequent 
information which will show at any time there- 

after the shape-it is in and its probable value, com- 
prise the permanent statistics. A complete list of 
drawings and specifications showing details of the con- 
struction of the buildings and machinery forms a good 
starter. A record of the corresponding costs is of great 
value; in fact; the cost of the equipment new is entered 
on the top line in what is familiarly known as the plant 
ledger. Each article or unit of the plant is given a 
separate account in which is shown the first cost, itemized 


repair and renewal charges, a record of the number of 


hours run, the amount of depreciation provided for an- 
nually, the depreciation reserve fund and the book value 
of the unit at the end of the year. Therefore, in making 
up the plant ledger it is customary to divide it up into 
accounts for the plant buildings and a separate account 
is opened for each plant unit, such as a boiler, engine, 
generator, ete. The permanent statistics for each item 
are then grouped together and placed along with the 
corresponding accounting data to which they form an 
important adjunct. 

In making up the list of drawings, the catalog num- 
ber of spare machine parts and their prices should be 
listed to facilitate re-ordering. Having information of 
this kind readily accessible is of undoubted advantage in 
ease of a breakdown; a minimum amount of time is lost, 
as descriptions of the parts required can be ascertained 
from the records and phoned or wired to the manufac- 


turer of equipment, in order to facilitate immediate 
replacement. Price data is useful, if kept up to date, 
and can be checked against figures in the office of the 
purchasing agent. Information as to prices assists the 
engineer materially in determining whether an invest- 
ment for replacement is warranted by large items which 
show in the charges due to repairs as shown in the 
plant ledger. This subject of replacement will be dis- 
cussed at greater length in a later article. 

Adjustment of fire losses, also, is greatly facilitated 
by keeping some form of plant ledger, no matter how 
generalized the data may be, and it follows that the 
presentation of such evidence in litigation greatly 
strengthens the case for the owner and is particularly 
valuable when the owner has gone to considerable ex- 
pense to maintain old equipment lost in a fire. Pending 
settlement of damage claims due to fire or accident, the 
replacement of equipment is effected with greater rapid- 
ity if data is at hand, as the making of measurements in 
such cases is frequently impossible. 


Forms FoR ReEcorpING PERMANENT Data 


SIMPLE FORMS on which to record data relative to 
plant statistics should cover briefly (1) buildings, (2) 
equipment. Types of these are given herewith. 

For small plant purposes or where the engineer has 
not the facilities at hand to compile more complete rec- 
ords, a few planned along the lines of the group shown 
in Figs. 1 to 4 will suffice. 

In this case, we have laid out a separate permanent 
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data sheet for the power house building, one each for 
the boiler room and the engine room equipments, and 
another for the miscellaneous data, four all told. 

The power house data sheet should include items 
relative to the size and kind of building. This will 
afford a ready means by which to compute the ground 
area occupied, useful when it is necessary to pro-rate 
the land taxes among the various industries occupying 
a manufacturing site, and for similar purposes. The 
number of floors, coupled with their superficial area, 
gives, among other things, data useful when floor pre- 
servatives are purchased. The date when built and the 


Power HovusE Data 
Size of building (length, width, height), ft.................e00. 


eS yey ty eer ee ie ier eer eee 
be Name of general contractors............. 
Ss ee ere re RAS 
Type of construction: Foundation ........:.cccsccccscccsseee 
oo DS ey Pee een ee Eee eee 
UL Se Oe OLE Ee ee 


SEED NID RIDE WREIID. 6 525 so snye v3 ban 95 0465.44 kasd eieesawn 
Record additions and repairs and when made.................++ 


FIG. 1. POWER HOUSE PERMANENT DATA FOR SMALL 
PLANT 


cost new supply information which must be known 
before it is possible to compute depreciation and present 
value. The type of construction, together with the 
dimensions of the building, afford a basis by which to 
compute the heating equipment necessary; the type of 
construction used should, likewise, be an index to the 
insurance rate. 

By providing a place in which to keep a record of 
the additions and repairs to the building, these items 
which are frequently charged up by the management 
to operating cost can be properly accounted for. It 
also gives a line on the depreciation charges. 


Borer Room EQuIPMENT 


PINS LE RUDIOONN GOIN DPNID a cs 55 000s 0 v 5505 500i 0'ss 0555 0053050006 
DMN S80 SRG 5 6csx bees a5 secs ease se Date installed........ 
Steam pressure gage, Ib............20000. IOBE DOW. 5.5255 os aw 


PGMA MUTEROD, OO: Ft, MOF DOUG? 0.0 5.5 cs05 sce oserscseucaseace 


SRO REENOO NE: AEs DOP MIDMOP. .s505 2 655 5:50500% 55 000s o5eeeee 
Average cross-sectional 


Ee ee. ear Oren StREK, .... 0500 
RE OP POMNE PIMO sac sis sss a0sesen ese Coal storage, cap.,.... 
a SL eer erty co, ETE EE ee 
PERRO DE OPM MINE: 5 000 6 oo eie ods ncn ee Date installed........ 
os Saas yer ere RPOMDEMIOW) sis 52:0-00 05 0 
itis WON ORNOIEY OL, WOE BE. 55:5 0:0.44.c.05.505 ss paine'ssice oes 
Make of feed water heater............... Date installed........ 
RO CONOR OF DIONE) ..06.6caccsasccesces NOONE TOW cc v's.0s0:00-00' 
PE chun sub e sn eik sass senses dee seehber es ous ce oe caus se 
MEMEO OL QOONOMIEEEL, 0656s s5cicscsccseen Date installed........ 
Sa aa Peer OL EOE ee 


FIG. 2. PERMANENT DATA ON BOILER ROOM EQUIPMENT OF 
SMALL PLANT 


Boiler room equipment data should tell the make 
and number of each kind of boiler in the plant. Every 
boiler should, preferably, have a plant number, as No. 
1, No. 4, No. 10, ete., so that boilers of the same make 
ean be designated without confusion in making tests, 
keeping boiler repair costs, ete. Gage pressure, relative 
heating and grate surface and height of stack are 
points in the design which have to be referred to occa- 
sionally.. The kind of coal for which the furnace has 
been designed and the make of grate should also be 
recorded. Following this corresponding details of the 
boiler auxiliaries—feed pumps, heaters and economizers 
—giving their makes and rated capacities should be 
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listed. To complete the boiler room statisties it is neces- 
sary that the date of installation of each piece of equip- 
ment and its cost new, be placed on record. 

Engine room permanent data are compiled as those 
for the boiler room. The make and type of each engine, 
turbine, generator and motor should be ascertained and 
placed in shape for convenient reference. The date of 
installation and the corresponding cost are also im- 
portant. 

Under miscellaneous data, the engineer of the plant 
supplying heat, light and elevator service to an office 
building will collect the statistics pertaining to the 
elevators, to the water service supply and the water 
tank capacity. He thus always has a line on the demand 


ENGINE Room 


PRED WUE NDING sso sks ashi s sanss se aenle Date installed........ 
Oy So eo IED oS Con ut asaya wee US See Se eee 
SODRNID MINOUMUND NG 6 Sessa 'ostsOan wae waewaee ACOBE MIOWensses ec cccss 
oo es ea ee Date installed........ 
BDO vias ssssee oes Volts, a.c. or d.c....... PRMD ese Wia ss .ee ess 

RSDBU SIOWi sg b.6550'o0 5506 
RMN Wk SHOUOE INO; Bo so0cnss00s0sess005e Date installed........ 
BY00ss5 hs osee eh Volts, a.¢. or d.€........ ee ee 

MIDED OW is 5a soo 0s 5 
MGKO OF INOW TIO, Bice cs sco 0 550555000 EE yo cesecens 


FIG. 3. ENGINE ROOM DATA FOR PERMANENT RECORD 


which may be expected of his service pumps and data 
for the insurance companies who are interested in know- 
ing what can be expected of the tank in case of fire. 
If he supplies ice-water or ice to the tenants his refriger- 
ating capacity is of interest. Statistics which will show 
the kind of heating, the square feet of radiation and 
the temperature which must be maintained are vita) 
to the engineer who is asked to show how much it costs 
to keep up the heat in any particular office in the build- 
ing. Equally important is information relative to the 
number of lights and the watt-hours consumed. In 
plants which maintain sprinkler systems, data relative 
to available tank supply, square feet sprinkled, etc., 
ean be listed as miscellaneous items. 

The simple record forms which have been briefly de- 
scribed must be considered only as outlines of what can 


MISCELLANEOUS DATA 


HlGVAUWOrS, BPS... «2.0 cece cccccececssccesse PN) Sse Saws sicee e<iins 
ASP OMPTOPBONS, SNAKES... 5 6.0225 5 0is\0 0002s AOD, OU: ee as cis ne s,s: 
MAST OL WORTNG. 2... os ossc cece ssccccesce Sq. ft. of radiation.... 
Temperature maintained ........... SE ere ey ie ee 


Tce plant, capacity, tons per 24 br. ..........ccccesscccccccvece 
Water tank, sprinkler supply, capacity, gal...............se008- 
Water tank, service supply, capacity, gal...........-.eeeeeeeeee 


FIG. 4. PERMANENT DATA ON MISCELLANEOUS EQUIPMENT 


be done. Most engineers, will, no doubt, desire to go 
into more detail with respect to certain features but 
those given herewith will give them an idea how to pro- 
ceed in starting the system. 

Brief forms for keeping permanent statistics which 
are somewhat more inclusive than those just illustrated 
have been grouped together in Figs. 5, 6 and 7. The 
engine card gives not only the number, maker’s name, 
rating, date of installation and cost, but also the maker’s 
guarantee of performance based on shop test. This 
permits making a comparison between present perform- 
ance and that which is guaranteed. Feed-water heater 
data has been expanded to include the amount of heat- 
ing surface, the size of tubes or trays and the kind of 
filtering material, when any is used. Information con- 
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cerning pumps, traps and meters has been added to the 
heating system statistics to make these more useful. 
On the boiler card we find such additional data as 
the size of drum, size tubes, thickness of shell, the degree 
of superheat, ete. The generator has a separate card 
which contains, among other items, a record of the manu- 
facturer’s guarantee of efficiency at various loads. Know- 
ing the percentage of slip (see pump card), the engineer 
has a good line on the efficiency of his pump as the man- 
ufacturer’s guarantee of capacity is likewise placed on 
record, along with suction and discharge pressures. 
The elevator card gives not only the number and 
maker’s name and address and the use to which the 
elevator is put, but also tells its safe capacity in freight 
or the number of passengers it is designed to carry. 


ENGINE CARD 
Maker...... 


Pewee eeeesesees 


Engine No..seseceee 


TyPOc cece rcccctocccs SIS8s i oc cicccos Speed.ccccccces «+. Rating....hp. 
Steam pressure.......+.- 

Guarantee of performance or test result. Steam cons. at } load 
Goscccseny Besonvinndsy: Uhecesccssy GAA IE BOM. ccccsee 


COBteccececcess Date installed... cessccess 





(Record all extra work and repairs on this engine here and their cost 
including labor. Each month record total hours run and reduce to 
days of 2% hr.) 


FEED WATER HEATER 


MAKOP . occ ccccccccccccccccccvccccccccccccscccccsecs 


FP.W.H. WOsssecsee 
Name & Address 


TYPO ccccccsccccccccccere Heating surface or tray 
BULLALO ss ee esececceecees Size tubes or MUUNEES Ess Cac taccenacdbacness 
Filtering material, kind and amount for each Charge c.ccccccesscccecs 


Date installed....scscscscese 


RATING. .cccccccees 


Giltassectsacess 





(Repaire - Cleaning - Days in service - Average temperatures for month) 


HEATING SYSTEM 
Kindewcccascssccesecccces SQ. ft. FAA ATION. seeeseeecceccereccoeces 


Temperature maintained cececscceccesees PLOGBUTOsccccccessesesesses 


Bquipment..ccccscccsccsccscecs 
PT EERE | en EEE Ree SORT E TET 


PUMPS. cc ecscccccccceescsscceeeseeees 


MOtOTB. cccccccvcessceseveseseseseces 


B. P. Valve.cccccvcccccccccsce 





(Repairs, additions, lb. condensation, mean temp. for month., hr. 
exhaust steam, hr. live steam) 


CARD FORMS FOR PERMANENT DATA ON ENGINES, 
FEED WATER HEATERS AND HEATING SYSTEM 


Fig. 5. 


This data is useful in checking with the elevator in- 
spector. The size of cable, if placed on record here, 
saves considerable annoyance in the case of breakdown 
and repair and lessens, if it does not render impossible, 
the making of dangerous mistakes. 

A convenient way of keeping this form of record 
is to place data for each unit or account on one side 
of a card, the reverse side of which can be used to 
enter charges for repairs and upkeep and to maintain 
a record of the hours of service rendered. 


CoMPLETE REcorRDS OF PERMANENT DaTA 


INCREASING with the value of the investment should 
be the completeness of the record pertaining to it. For 
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example, data relative to the plant building is valuable 
when used in connection with the planning of new build- 
ings and additions. Likewise the amount set aside for 
a depreciation reserve, if computed properly, will be 
based on the material and details used in construction. 


BOILER CARD 


MakeT.sescesees eee reer reese eeseeeeeessssseeesese 


Boiler No..... eens . 
Name & Address 


eeeeese Heating surface 


Make or type of furnace..... ec eccccccccececes 
NO. tubeBsesssesesesvecs 


Grate AFeB..ssecsseee 
Size drums.wceceeveces 
Thickness Of shell...-ceseeseess 


Size tubes....seaee 
Safe StOAM PTOSB.cesesesesesesseses 
Date installed....sccssees 


Superheat.cccccccsccss COBtecersseesees 





(Report all repair and maintenance work with cost. Hours in service 


during month. Date and result of inspection.) 


GENERATOR CARD 
MaKCT i eesesscsees 


Seeeeseeeeseeseeeee 


Name & Address 
Rating .eecees KW. coccesees AMD. 
sccccccesVOlGS B.C. AiGe. sovccccee PHASE cecceseee CYCLES 


Efficiency at different loads, d.....00. Geese 
Date installed..... 


Generator No...seseee 


/ 
TYPO. cccccccecesecceeessenees 


evoeeTePoM. 


Lecveccce Wgocccccce Wfocceces TOSCccesccccce 





(Report all repairs - hours Fun and .kw.-hr. delivered in month. ) 


PUMP CARD 
Teed LOPssceccoweesessess 
Bise Cyl....eseses Suction 


Maker...scccccesesss 


Pump NOs cssccees 


concsvashontve stem ssseaeessbaussts 


Discharge pre@S....eccceess Steam press...+..- 


PEOSC ss cccccccccs 
Gal. per stroke at .....% G1iP seccecsecececees 


Date installed.....scoccses 


COBtecseececceeees 





(Record all repairs and hours run or number of strokes.) 


CARD FORMS FOR PERMANENT DATA ON BOILERS, 
GENERATORS AND PUMPS 


Fig. 6. 


Depreciation of wood and galvanized iron buildings, for 
instance, is much more marked after the lapse of a few 
years than in the case of stone, brick or concrete. 

So in preparing the permanent data record, shown 
in Fig. 8 of the power plant building itself, details 
relative to foundation conditions, permissible floor loads, 


ELEVATOR CARD 


Elevator No.....+.+. Maker... 


Use (Freight or Passenger) Type.... Size cables.... 


Length....+s.e... Weight, Counter 
Safe speed 


Date 


esos Diameter......ceee 
esses Safe load .....1b. of No. people....... 


Tripe per mile... .sseseeses Costecccceee 





(Repairs - Inspections - Car mileg.) 


FIG. 7. CARD FORM FOR ELEVATOR DATA 


kinds and amounts of building materials used, and 
names of general and sub-contractors -have been in- 
cluded. 

If an extension is to be built it is desirable to 
mateh the cut stone or terra cotta trim with that in 
the original building. This is facilitated by our statistics. 








Sometimes openings are cut in the walls to let in new 
service lines or repair leaky pipes, and the enameled 
brick is so badly damaged that it has to be replaced; 
our statistics tell us where to get the brick. 


Power Plant Building 


Dimensions (length, width, height) Total cost.............. 
Type of construction (steel, con- . 

crete, wood, combination)...... CO eee 
Foundation down to elev......... Name of general con- 

oe ee ee ee ee 

Kind of soil with permissible Name of excavating con- 

LS SSS es eer EREEOE 245s sesnw ese 
Floor loads permissible: 

Engine room........... peas aes 

SIE tocne Son 65 6S 5 Bek Gi 

RENO ON Go's 5 ko .c x's '5 ono 5% 6.0 © 
Cu. yd. = concrete and proportion Masonry contractors..... 

used: 

Foundation...... 7a. Prop...... 

JS SSS Se eer 

DEED Gs wesaSaeeesesces ce Seas 
Lb. of steel: 

PRUMNOMAS ka Giese eoe ee Sone Structural steel fabricated 

CS SSS aes pa ea DY sesaneceses cues sn's 
Lo M. 
Mie MINSOK: 665 sie 0ea'susiese oes M. Manufactured by........ 
Minameled brick .......0ss00 M. Manufactured by........ 
OD ocho coe kcsen sees eu. ft. Manufactured by........ 
Sash: POD 6 ovo 9s 000% Quarry 

SSS SONS aOerr Manufactured by........ 

MP ecsba hes sciGGs sexes bens 
OUR 5 ss .065 o9.8.00 000.08 cu. ft. 
fo a guarantee Manufactured by........ 
OF eee eee er Manufactured by........ 
BEEIEDE NUDD 2.55 ses0000 bee Manufactured by........ 
Plumbing and heating........... Installed Dy.. .... 00.0000 
EEG SaG Gas hess sess seueess ee eee 
SME MEN 55 ch ashi Ghss co eskseeoes EMBANOE DYs55.05500 280 
Floor preservative............... USS AS eee 
TEEODD 45 5cnd6s dis beds cscneesh Manufactured by....... ° 


FIG. 8. EXTENDED FORM FOR POWER PLANT BUILDING 
PERMANENT DATA 


We want to move in new equipment to replace some 
which has become obsolete; is our floor built strong 
enough to permit us to roll the new and heavy turbine 
across it? Our record shows the permissible floor loads. 

Our roof is leaking, let us call in the neighboring 
roofer to repair it; but wait—surely our roof was laid 


Boilers 
Make of boiler and type....Steam pressure gage....... 
Date installed..........00. Safety valve pressure: 
Total number in plant...... MWDO si2540%s seecsecces 
Cost of boiler and fittings, ROGMMOET 99, 5:55.05 ss oes 55:0 
SSS oe ee eee Cost of foundation and set- 
oT Cee SSRI IORUNS 65s oa siccscsecs 
Weight of each boiler...... ATOR OE MTMUO 5 0550s knees 
of oe i eee Type of grate or stoker.... 
Diameter of tubes, in...... Rated horsepower.......... 
ee See Ratio of heating surface to 
Steam space, cu. ft........ TREO MTOR 5s. 5505550 see 
Water space, cu. ft........ 
Heating surface........... 
Superheating surface....... 
No. of steam drums........ 
Dia. of steam drums, in..... 
aniek, OF shell, in... 2.000 
Thick. of head, in.......... 
Tyne of jointe............ Manufacturer’s guarantee.. 
Dia. of steam nozzle, in.... Combined boiler efficiency: 
Dia. of safety valves, in 100% rating............ 
Dia. of blowoff, in......... BONG FANE. 2200000000 
Dia. of feed pipe, in....... 300% rating.....-....+. 


FIG. 9. ITEMS DESIRABLE FOR BOILER STATISTICS 


under a guarantee and the building is hardly 10 yr. old, 
let us look it up and see if our guarantee has expired ; 
our statistics will tell. 

We haven’t much to paint in our power house, but 
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the contractor who did it last made a good job; he knows 
what kind of paint to use and how to apply it and here’s 
his name; we would rather not take a chance on any- 
body else. 

Our concrete floors are in first-class shape because 
the architect knew just what kind of preservative to 
specify ; we’ll have to get the same kind for that little 
office they are building in the engine room for the 
superintendent. Our permanent statistics, Fig. 8, tells 
us the brand and the manufacturer’s name. 


i Feed Pumps 
Make of feed pump....... 3 Steam pressure, Ib......... 
Type of feed pump........ Back pressure, Ib.......... 
Date installed ........000- eS oO Seer 
PA, PORN so ais eao essa uss Character of valves........ 
Pounds of water per 24 hr., 

Gost Of enth. <<... ..<..<2' average, actual.......... 
co Oe 2 OS SNe ee eer ee 
Dia. of steam cyl.......... Kind of piston packing..... 
Dia. of water cyl.......... Size of piston packing...... 
BtPOKO 6560. . Sc.cceeseee’s . 
Displacement per stroke, 

NOSES Mesa serene ss Kind of rod packing....... 
No. of strokes per min., aver- Size of rod packing........ 

REO sos ses cees cen sceees Temp. of feed water, 
DIR. WE BUOUOD 6006 5i000%:0 DDD Riese cece sss seats 
Dia. of discharge ......... Suction head, 
Dia. of steam pipe......... UR caro! Be | Plea ene eye 
Dia. of exhaust .......... Discharge head, 
Dia. of steam drips........ Tb. Per Bq. M.6355'.0. cs 6% 


FIG. 10. CONVENIENT FEED PUMP STATISTICS 


The complete boiler record form illustrated in Fig. 9 
contains data which is useful in comparing boiler effi- 
ciencies and also is a fund of information when figures 
are needed on which to base boiler performance in run- 
ning a test. By keeping a permanent record of the 
principal dimensions of steam nozzles, safety valves, 
blowoffs, etc., repair parts can be ordered with less lia- 
bility of the creeping in of errors. Valuable, as a 
means of checking against efficiency developed during 
a test, is the record of the manufacturer’s guarantee of 
efficiency under various ratings as compared with the 
normal boiler horsepower. 


Economizers 

Make of economizers....... No. of tubes in each....... 
Length of tubes, ft........ 

No. of economizers....... 5 Heating surface per sq. ft. 
boiler heating surface, sq. 

Gb. 545545450056 s onsen 

Date installed ..........+- Heating surface per boiler 
horsepower (34.5 lb. water 

per hr.) rated capacity, 

ft. 


Wi; Rts sso sce aoa ones oe 
Cost of economizers, each... Economizer material....... 
Horsepower of motor....... 
Manufacturer’s Guarantee for Each Unit of Economizer 
Feed Water Temperature Gas Temper- Gas Temper- Gas Temper- 
Lbs. per Hr. Leaving ature Enter- ature Leav- ature, Differ- 


Economizer ing, Deg. F. ing, Deg. F. ence, Deg. F. 
When Entering 
at 180 Deg. F. 
Fig. 11. DATA AND GUARANTEES ON ECONOMIZERS DESIR- 


ABLE FOR STATISTICS 


Complete feed pump statistics, Fig. 10, should show 
not only the make and type, whether reciprocating, cen- 
trifugal or rotary, but also contain data relative to the 


diameters of the main parts, such as the steam cylinder, ~ 


water cylinder, suction and discharge openings, ete. The 
average steam pressure which is used in operating the 
pump, its normal pumpage per 24 hr. and the average 
temperature of the feed water, together with the suction 
and discharge heads, are vital pump statistics. Here, 
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furthermore, is the logical place to record the kind and 
size of piston and rod packing. 

In Fig. 11 we have endeavored to show all the vital 
permanent statistics pertaining to the economizer. Sup- 


Chimneys 

BM 05 495% wig s'5 00:06 pep eae Amounts of materials used. . 
BRUTY sie ka ck 0s see¥oes es Common bricks, No. of...M. 
RPMI MITE. ss '5i5)s\s's sielcicinice-es Fire brick, No. of....... M. 
Kind (steel, brick, concrete) By whom manufactured.... 
Height above grate, ft...... Yards concrete... .....es0¢ 
Diameter at breeching...... Reinforcing steel........... 
Size of breeching......... ° oe SC na 
Diameter at top......... ns Cost of foundation......... 
Boilers per chimney....... 


Stack area per 1000 sq. tt. 
of boiler heating surface 
mini iaietalos oi sq. ft. 
FIG.-12. CHIMNEY DIMENSIONS, MATERIAL, ETC., FOR 


PLANT STATISTIICS 


plementing records which will show the number of tubes, 
their length and the kind of metal in them and the 
number of square feet of heating surface per square 
foot of boiler heating surface and per boiler horse- 


Turbines 
Turbine No...... 1, 2, 3, ete. Performance Guarantees 
Make of turbine.......... Operating condition: 

Cost of turbine............ TaD: DOOM Wes 366550 8 

Capacity..... We Obie % Deg. F. superheat....... 
power factor In. vac. condenser....... 

2S Ee Cer In. barometer........... 

Operating pressure......... Net Kw. Load 

Operating superheat, deg. F. of Generator 

Exciters, No..... Capacity Lb. of Steam 
Cre Dre rrr Per Kw.-Hr. 

Mi consciences pwewacewes For different pressures and 
Manufacturer ............. deg. above or below normal. 
Main unit cap. per kw. cap. temperatures following 

of exciters installed, kw.. factors to be used: ....% 


for each 15 Ib. press. for © 
range of 25 lb. above or 


Cost of foundation, each.... 
Heaviest piece to be lifted 


DY CTANC. 2.0 sccceees tons below normal. 
Fig. 13. USEFUL STEAM TURBINE DATA FOR PERMANENT 
RECORDS 


power, we include the manufacturer’s guarantee show- 
ing how much each unit of the economizer will raise 
the temperature of different volumes of feed water with 
flue gases of various temperatures. 


Condensers 
Make of condenser..... Reh Total tube surface per con- 
Date installed...........6. GORGE, BUs EE. 2 c's cine ckene 
Cost of condenser.......... Tube area per kw. turbine 
Weight of condenser. ...tons capacity served by con- 
Weight of cooling water.... Monsey, 00. 16. 65555055 cece 
Sr a NP ee rye: tons Cap. Ib. steam per hr. at.... 
Circulating pump, cap. each in. vac. and cooling water 
i OE MIs 'o'4.05 2 oo 0.5:0,.016 Ot.... Gee. 2: 
tii ee SASS Aare ae Steam condensed per sq. ft. 


OP -SRNNts IO. eso c 08s 
Cost of foundation, each.... 


eee ee 


Dia. of discharge pipe, in 


Cire. water, pumping cap. 
per lb. of steam condensed 
at consumption of..... Ibs. 
per kw.-hr. Lbs......... 

Cooling water per Ib. of 
BEOMNES 905. 545'ss se 5e's's0 ° 

Dry vacuum pump, type.. 

Hot well pump, type........ 

Hot well pump, size in...... 

Hot well pump, builder..... 

Tubes, No...... oi eae ; 


Cross-sectional area, each in- 
take and each discharge 
tunnel for each unit, sq. ft. 

Intake, tunnel, area per 1000 
SR a eae 

Circulating-water pumping 
yas oe ° ana 

Screens at circulating water 
intake, type...........6. 

Manufacturers guarantee: 
With....gal.. 70 deg. cir. 
water, vacuum in con- 
denser...... in. 


FIG. 14. FORM FOR PERMANENT DATA ON CONDENSERS 


Under the heading of ‘‘Chimneys’’ we find, in Fig. 
12, pertinent data which gives us about all we can ex- 
pect to make use of in connection with this part of the 
plant. Besides the details of size—height, diameters at 


POWER PLANT 
ENGINEERING | 7 


various points and the stack area relative to boiler heat- 
ing surface—it has been considered advisable to provide 
a place for a record of the materials used in the build- 
ing of the stacks. 

Turbine data covering make, costs, capacity, oper- 
ating conditions and performance guaranteees are out- 
lined in detail in the form illustrated in Fig. 13. The 
usual data pertaining to make, date of installation and 
costs are followed by the rated capacity, speed, operating 


Generators 

Make of generator......... Amperes per terminal...... 
Type of generator......... Frequency, cycles.......... 
DStS- MSANG. 2). 06.0000: Type of armature winding. . 
ot Eee eR a ee re Speed, F.P.M.. ccc ccccccces 
Capacity, rated at....... % No. field poles............. 

power factor......... kw. Exciter voltage......... ves 
WORURIU 5.5 a6 cisl@ nine ticisice < Efficiency guarantees....... 


FIG. 15. DESIRABLE GENERATOR STATISTICS 


pressure and operating superheat and the principal sta- 
tistics relative to the exciters. As a check on what is 
expected of the crane—sometimes one is not provided 
for in the original construction—the maximum weight 
to be lifted is also placed on record. The manufacturer’s 
guarantee of what the turbines will do under stated oper- 
ating conditions relative to pressure, superheat, vacuum 
in condenser and barometric pressure, shows the pounds 
of steam per kilowatt-hour required with various loads 
on the generator and the correction factors to be used 
with other operating conditions. 


Building (Heating, Lighting and Miscellaneous) 


Type of building.......... Date service installed...... 
INO OL TOUIEs be ie Sih ec ds. Area of ground plan. .sq. ft. 
NOs GE OMOORis 4.620505 005585 Height of building....:. ft. 
Total floor space...... sq. ft. Vol. of bldg., cu. ft....,.. 
Sq. ft. of sides exposed..... Percentage of exposed walls 
Percentage of exposed walls: GIRS 6 sce ccccecstses ° 
WOOD os neincckhe sunsets se Kind of heating........... 
ERM arena Caepisin bein Sq. ft. of radiation........ 
TOPO COttR.. ccc ct ee Temp. maintained.......... 
i rd 
| eee ere 
Percentage of Building Lighted .........- 
Nitrogen 
Lights Are Carbon Tungsten filled 
7! Seer 
WANE iss ce ee 
Total watts.... 
Blovators, .t¥Pe...cccsccccccccccccccctcccvccces NGiviciecvenesec 
Elevators, capacity, cach.......ssceeseccceccceccevcceecess Ibs. 
Air compressors, CAPACity....++.++++++eeceeseesereeeeees cu. ft. 
Compressed air consumption, maximum per 24 hr..........- cu. ft. 
Ice plant, capacity per 24 hr........+sseeseereeeseecreeers tons 
Tee consumed, maximum per 24 hr.........ssseeeeeeseerere tons 
Hot water consumption, maximum per 24 hr........esseeeees gal. 
Water consumption for miscell. purposes, max. per 24 hr...... = 
Water tank, service supply, capacity.......--+-+++eeseeerees 
Fire pump, ‘size ... by... by .... im. pressure .... Ib. per sq. in, 


Fig. 16. FORM FOR MISCELLANEOUS DATA OF PERMANENT 
NATURE 


Figure 14 is a typical form used to keep a record 
of condenser statistics. Space is provided for entering 
data pertaining to the circulating water pumps, the 
dry-vacuum pump and the hot well pump as respects 
their type, size, and capacities and the size and capacity 
of the intake and discharge tunnels for the circulating 
water. Besides this information, the usual statistics rel- 
ative to the number and diameter of condenser tubes, 
the square feet of the tube surface per condenser and ~ 
per kilowatt turbine capacity, the capacity in pounds of 
steam per hour at a given vacuum with cooling water, 
of a given temperature, and the amount of steam 
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condensed per square foot of surface, are also compiled. 
Place is also provided for the manufacturer’s guarantee 
of performance. 

A dozen or so items will pretty well cover the useful 
data under the subject of generators, Fig. 15. The 
electrical statistics will comprise: voltage, amperes per 
terminal, frequency, speed—r.p.m., number of field 
poles, ete. Besides these we should have the rated 
capacity at a certain per cent power factor and the 
maker’s efficiency guarantees. 

For the use of engineers who supply light and heat 
to office and mill buildings we have compiled the statis- 
ties sheet shown in Fig. 16. The upper part of this 
record is devoted to data which is highly essential in 
determining the sufficiency and efficiency of the heating 
system: the floor areas, amount of total exposure, and 
percentage of exposed surface of glass and of the various 
building materials used in walls, and the square feet 
of radiation required. 
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The next section covers the subject of lighting. Here 
are given the numbers of lights of each kind and the 
corresponding wattages. 

Following this comes the elevator record; and sta- 
tistics pertaining to air compressors, ice plant, hot water 
consumption, water tank and fire pump complete the 
list. . 

All of the permanent statistics which we have just 
described and illustrated are used from time to time 
in conjunction with the operating records of costs. It 
is not the uncommon thing to find that fixed charges 
of a plant run as high as 30 per cent of the total yearly 
cost of power. Although it is relatively more difficult 
to reduce the fixed charges than it is to reduce the vari- 
ous charges incident to cost of fuel, labor, ete., it is 
well to remember that once a fixed charge has been 
reduced it stays ‘‘put.’’ Therefore all statistics which 
bear on the subject of fixed charges should be as com- 
plete as the facilities for keeping them permit. 


Planning Records of Cost Data 


Necessary Data, MEANS AND SYSTEMS 


FOR COLLECTION; 


OME form of power plant report or log sheet, 
whether simple or complex, is the connecting link 
between the manager’s office and the power plant. 

It enables the progressive manager or superintendent to 
lay his finger on weak spots in the power-generating 
equipment and institute investigations to remedy exist- 
ing conditions; it permits wide-awake engineers and fire- 
men to exhibit their efficiency and to show that unsatis- 
factory performance is due to causes beyond their 
control. Even if no report is expected of him the engi- 
neer should keep some form of log, no matter how simple, 


Costs in Dollare 
192 - | Coal| 011 | Packing | Waste | Genl. Labor | Repairs | Renewals| Kw. Hre. | Boiler Hp. | Avé. Outside| Hrs. Exhaust | Hrs. Live| Total 


PracticAaL Forms 


are put. If the total cost of fuel and wages and the 
number of kilowatt-hours of power generated and the 
cost per kilowatt-hour only is wanted, the report should 
include only these; if data as to the kind of coal, the 
amount of ash, amount of water and the quantities of 
the various supplies used, separation of labor costs into 
boiler and engine room help are required, the report 
must show these items in detail. In larger plants the 
management will desire a record of the number of hours 
of service rendered by each unit, will want the labor 
cost to be divided into attendance and repairs, will 





FIG. 1. YEARLY POWER PLANT SUMMARY OF COSTS 


in order that he may have before him information which 
will permit him to investigate the resources of the 
equipment in his charge so that he can secure from it 
maximum output at minimum cost, and so that failure 
on the part of the management.to supply him with 
proper facilities for doing the work expected of him 
will be placed on record for his protection. 

The amount of detail which is contained in the report 
to the management and the frequency with which reports 
are to be submitted depend on the use to which they 


expect hourly temperature, barometric and steam pres- 
sure readings, temperature of feed water and hourly-watt- 
meter readings. Comparison of the various records will 
permit keeping a close check on the plant efficiency and 
show the probable location for most advantageous expen- 
ditures for equipment. Many plants have found it has 
paid them well to record the air pressure below the 
grate, draft in the furnace, and in the breeching, to 
take hourly readings of the CO, in the flue gas, to watch 
the smoke, to record tests of boilers, pumps and engines, 
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to keep track of all repairs done by power plant em- 
ployes on outside work, to record the length of time 
required for the coal-handling machine to accomplish 
its work, ete. All these data individualize the log sheets 
of the various power plants and make the planning of 
each sheet a separate problem. 

Just how frequently reports are turned in depends 
in large measure on the needs of the accounting depart- 
ment and, as previously suggested, on the attitude of the 
management with respect to the plant. If the general 
superintendent asks for only a monthly report showing 
the daily performance of the plant, hourly data will not 
appeal to him; he should be given a daily summary of 
only those items which interest him. Nevertheless it 
will be necessary for the engineer to make frequent 
readings in order that he may give a fairly correct 


POWER STATION REPORT ___Month of a 
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economical manner or where improvements can be made 
which will result in appreciable savings. 

Starting with simple yearly, monthly, weekly and 
daily reports and progressing to those more detailed 
and complete, we shall in the succeeding pages present 
a logical method of procedure in planning a system of 
reports designed to meet the needs of the individual 
plant. 

Power plants of the individual or isolated type usu- 
ally have as their competitor the central station. The 
management, therefore, wants to have some means of 
comparing the cost of the service which he receives from 
his plant with what it would cost from a central station. 
Since power is purchased on the kilowatt-hour basis, 
we must reduce our costs to that per kilowatt-hour. The 
division of the costs between heat and power where ex- 
haust steam is used for heating purposes is always a 















































































































































































































































Gas, Cu ft 
Water, Gels. WEATHER - NOON oma 
Loop and Feeders, KW. 
Sabraton K W. 4 ; be. | min. 
- * Engine No. 1 started... _-M stopped______ M Total time run. 
Engine No. 2 M es Total time rua__...j.._.__ 
Total D.C, “er Ine. Current on M off M Total timeon —_j| 
____Incandescent Light Circuit, _ - Street Arcs on ae eee a Total time on _ | 
Arc Light Circuit, KW. PES 
Commercial Light Circuit, K. W. Noon AMPERE READINGS 
High Tension Circuit. K. W. 12 00 [12 80] 1.00 1 30 [2.00 | 230] 3 00] $30 | 400/415] 490 1a[6@ 515/530 
Motor Circuit Ww. 
Commercial x 645 | 700] 715|730|745| 800| 815| 830 | 845| 900| 915| 990] 9 45] 10 001090 
Total A. C., 200 | 300] 400 | 500 | 6 15| 5 30| 5 45) 600 | 615 | 630) 6 45| 700; 7 15) 730; 745 
Grand Total, oe 
Coal used Ibs. Coal Received on track Boilers in Service 
A.C. Charge % Cylinder Oil pts. | Car No. No, 1 from m to m 
D.C. Charge, % Engine Oil _pts. | Initial No. 2 from mto 
Waste Ibs. | Time Placed m | No. 3 from m to 
Ges per_K. W. Hour, — Water cu. ft, | Time Released m| Washed No. 
Wover_per KW. Hour, Carbons Weight Ibs. | Blew No, 
Water per Cu ft. Gas. Lbs. 
Globes outer inner Ashes Sold loads to 
Material Received for Power House use Total Kilowatt Output 
om Read meter 12 o'clock nooo 
Crank Case Oil used, 
Cylind - « Meter today K.W. 
E gi - . = Meter yestdy. “ 
Turbine AP Diff. 
sen Report here ANY interruption of service either arc or incandescent. 
_____Boiler Compound ” _ Time off Cause 
Wane Are Lights out 
a Location Reported by 








Engineer. 
Fig. 2. MONTHLY REPORT BLANK USED BY A STREET RAIL- 
WAY COMPANY 


average for the day, for his own use and for future 
requirements. These readings may as well be kept on 
file. The larger plants require daily reports. 
Obviously if the plant manager does not know the 
relationship between the feed water temperature and 
the amount of coal burned or any other technicality of 
operation, he will not care for such data as feed water 


‘temperature. When the engineer wants to put in a 


requisition for equipment, however, he will, if he is pro- 
gressive, have convincing information at hand in the 
shape of operating data to prove the need. 

So in each case the engineer will submit, preferably, 
only such data as is wanted of him and in as simple and 
concise a manner as possible. He will, however, at all 
times maintain records containing sufficient detail so 
that he can, at the proper time, show the management 
either that the plant is being operated in the most 





Fic. 3. SHORT FORM FOR DAILY REPORT SUITABLE FOR OF- 
FICE BUILDING PLANT 


matter ‘of controversy, so the owner will want to know 
the average outside temperature, the number of hours 
that exhaust steam heat only is used and the number 
of hours live steam is used during the month. 

Every good business man will also want to know 
the boiler horsepower-hours developed for comparison 
month by month with the kilowatt-hours of power pro- 
duced. Then he will wish to know the cost of the prin- 
cipal supplies and of labor. Thus we have planned a 
sheet, Fig. 1, which provides space for a whole year, 
the totals or averages for each month being given sep- 
arately. 

Starting from this point, which we have assumed in 
this case is all the information which the superintendent 
or owner requires, it will be necessary to work back to 
the source from which we can get the required informa- 
tion. Each plant has its own method of purchasing fuel 
and supplies and the chief engineer is responsible for 
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these items from the time they are delivered to any em- 
ploye working under his direction; he should have, then, 
some written evidence as to when, to whom, how much 
and for what purpose supplies are delivered. 

Each item takes a different course through the plant, 
hence the data upon it must be gathered differently, 
or at least have separate consideration in planning the 
record system. 

The item of coal will be considered first since it is 
the most important. As we are assuming a small plant, 
in this instance, we shall also assume that the coal is 
delivered in trucks day by day, comparatively little 
being kept in storage. The truck driver will deliver his 
weigh bill to the fireman in charge, who immediately 
files it on the engineer’s desk. At the end of the day 
or the first thing the next morning the weights from 
these receipts are added and the total entered on the 
daily report sheet; and at the end of the month the 


DAILY LOG COMMENCING 7 A. M,__-_._____191 __. 
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Chit Easinces. 
SHORT FORM FOR DAILY REPORT SUITABLE FOR 
SMALL CENTRAL STATION 
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total weight is found and the cost recorded in the 
monthly report. 

In a similar manner oil, packing, waste and general 
supplies may be taken care of, as in a plant of this 
size they usually come to the plant direct so that the 
engineer will receive the bill when the article is deliv- 
ered. It is not advisable for the engineer to allow these 
bills to accumulate on his desk as the likelihood of some 
becoming lost is too great and the clerical work, if 
allowed to pile up, will prove irksome. A daily report 
sheet on at least one line in a weekly or a monthly 
report sheet will be necessary where cost data only are 
required by the management. 

Power plant labor is usually: paid by the month, 
but frequently extra help is hired by the day or hour. 
In that case their time should be kept each day and 
their wages entered in the proper column for the day 
or days on which the help was employed. The total 
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at the end of the month would of course include the 
salaries of all power plant employes. 

In the small plant it is not customary to carry a 
large stock of repair parts on hand, so it would be 
entirely practicable to charge these in the record on 
the day of receipt; repair work done outside the plant 
would be entered on the day the work was done or 
delivered. 

What may be classed as renewals are replacements 
of entire units. This work in small plants is usually 
done by contract and the cost can therefore be entered 
at the end of the month after the work is completed. 

This completes the items of cost usually required 
by the management of a small power plant. As stated 
above, however, he needs to make comparison with serv- 
ices from an outside source, so he will no doubt require 
the total number of kilowatt-hours of power generated, 
which can be read from the plant wattmeter each day. 
Likewise the boiler horsepower produced or feed water 
evaporated is taken from the feed water meter, which 
should be demanded if the management requires this 
item. 


\ 
ivf 
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noon | 3°™ | 6PM] Temp. | amount 
2 —{ Distilies | “72° 

Water | Pulled 
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FIG. 5, ENGINEER’S DAILY REPORT SHEET FOR AN ICE PLANT* 


In all of the above items only one entry a day has: 
been suggested, in fact in a small plant running on one- 
shift a day more frequent entries would be useless for - 
the items enumerated. If, however, the manager wished ' 
to know outside temperature, hours in which exhaust 
steam only is used for heating and hours combined 
exhaust and live steam are used, it would be advisable - 
to have a separate daily log sheet on which is recorded, . 
each hour, the temperature conditions and heating ar-- 
rangement. This would entail but little work on the- 
part of an assistant engineer and the results of the day 
would be entered in the monthly record for that day.. 

The same principles can be used in planning a sys-- 
tem of cost records for any type of plant, whether it 
is a small central station, railway plant, office building, 
factory, or ice and refrigerator plant, the idea being kept 
in mind that all costs must be entered and all services. 
measured. 


Cost Recorps ror Meprum-Sizep PLANT 


AS THE SIZE of a power plant increases and its serv- 
ice broadens the simple cost record sheet explained ahove 
is no longer adequate. The management will take- 
greater care to secure economy and will want more de-- 
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tailed information in regard to costs and the program 
of operation of the machinery, although it is not likely 
that the management of such a plant, that is, one which 
is a department of some industry, will be sufficiently 
familiar with the technicalities of operation to use, 
intelligently, operating data which are under the con- 
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the average weight of a wheelbarrow load should be 
ascertained and the number of loads recorded. In either 
case several entries must be made during a day, so that 
it would seem advisable for the head fireman to be pro- 
vided with an individual daily report blank, cn which 
would be recorded coal received at the plant, pounds 
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FIG: 6. ENGINEER’S WEEKLY REPORT BLANK 


trol of the power plant force, such as drafts, temper- 
atures, pressures, gas analysis, etc. 

_ It is for such a plant that the monthly report shown 

- in Fig. 7 was designed. In this case, considerable coal 

is kept in storage, so to get an accurate record of coal 

burned it must be weighed as it is delivered to the 


boiler room or to the individual boilers. It is neces- 
sary therefore to provide the man in charge of the 
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Fig. 7. 


boiler room with a blank on which he can record the 
weights of the cart loads as they come into the boiler 
room, or an integrating coal meter, from which the day’s 
consumption can be read. The weight of the ashes is 
also required and the means for recording this de- 
pends upon the method of delivery. If removed from 
the plant daily by means of trucks, their weight should 
-be recorded; but if removed by wheelbarrows to a pile, 
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burned, tons in storage and ash removed, and, in addi- 
tion, space may be provided for any operating data 
which the engineer wishes to have regarding the boiler 
room; this will be taken up in another article, as we 
are dealing now only with cost data. 

Items regarding water used, electric current and ele- 
vators in this monthly report to the management are 
taken daily from meter readings and need no further 
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FORM 


comment here. The heating system, however, will need 
some special attention and also the miscellaneous items. 
These daily records can most conveniently be kept by 
one of the operating engineers, so that a special form 
should be provided for his use. 

In a plant of this size, oils, waste and packings will 
most likely be purchased in quantities, so that the plant 
should be charged for these items as required for use. 
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This method gives a better means of checking the econ- 
omy in its use than is possible by charging the plant 
a lump sum once or twice a month. 

The meaning of other items in this monthly report 
sheet will be clear from what has already been said, 
and the method of gathering the data will present no 
difficulties. In this system there would be a daily report 
from the boiler room, and another from the engine 
room, once a day the meters would be read, work slips 
would be handed in at the close of each day and the 
completion of a job; a separate daily record of repairs 
and maintenance, improvements and additions would 
be kept and entered as a summary on the monthly 
report. 

If at all practicable, this report should be made out 
by the engineer at the head of the plant, if not, a clerical 
assistant may be employed, but by all means the chief 
engineer should study this report carefully for any 
possible revision of program which would result in bet- 
ter service at equal or reduced cost. 

An understanding of the principles involved in the 
foregoing systems will enable the engineer to plan a 
cost record system for any plant except, perhaps, the 
very largest industrial plants or central stations, where 
the expenditures for various items amount to large sums 
and redivision between departments is necessary. In 
such plants, each department turns in its daily report, 
the data is summarized and distributed among the vari- 
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ous accounts in such a way as to give the superintendent 
a comprehensive idea regarding the financial status of 
his plant. It is, therefore, essential that we go into 
this question more in detail, show the inter-relation of 
expenditures and present forms which have been used 


successfully for keeping records of the different 
accounts. The following paragraphs are devoted to 
a discussion of the data necessary for securing unit 
costs and special forms for reporting different items 
entering into unit cost calculations. 
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Unit Costs 


THE UNIT cost of production of power, steam, water 
and the other output of a power plant is computed 
from data which will fix: (A) the total cost of pro- 
duction, (B) the amount of the corresponding output. 
Each of these general divisions is further subdivided 
into its component parts and the whole can be outlined 
as follows: 


Necessary Data for Unit Costs 


‘ 


(1) Cost of Fuel 

(2) Water 

(3) Oil, Waste and Supplies 
(4) Labor 


(5) Repairs 
Maintenance 
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(6) Renewal 

es Annual 
Obsolescence Depreciation 
and Inadequacy 


8) Insurance 
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(9) * ® 
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Variable Charges 
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Taxes or Rent 


(A) Cost of Production 


10) " ®* Interest on Investment 
2) ° ® 
(12) Amount of Steam Delivered 
(13) * ® 
(14) * o 


(15) " ° 


Fixed Charges 


Management (overhead) 





t 


Power ® 
Water ® 


Ice ° 


Cost of Production is divided into the two general 
subdivisions of variable charges and of fixed charges. 
Costs listed as variable are those which increase or de- 
crease with the size of the output. Fixed charges 
remain practically constant whether the output be great 
or small. 

As will be explained later, upkeep costs contain both 
variable and fixed items and their relation to each other 
is indicated in the chart. 

In planning a log sheet and records which will give 
the information needed for determining the costs as 
outlined in the chart it is necessary to know whether the 
unit costs are to be computed daily, weekly, or monthly. 
The larger public service plants will ordinarily expect 
figures daily, the smaller ones and industrial plants 
weekly or monthly. 

It should be understood that whereas items 1 to 6 
require the making of entries daily and in some cases 
more frequently, items 7 to 11 remain practically with- 
out variation the year ’round, and need attention rarely. 

We shall discuss methods for keeping the costs of the 
various items of expense in the order that they have 
been presented and in each case present a form which 
will fill the requirements. 

With respect to these forms, it is not desirable to 
place on the average power plant engineer the burden of 
doing the work entailed by an exhaustive and compli- 
cated system of accounting. Unessentials which would 
secure refinements not desirable from the point of time 
involved have been eliminated. The superintendent of 
a small power plant may wish to reduce still further the 
amount of detail which is suggested here and omit some 
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items. This may be highly desirable for the time being. 
But, as the plant is enlarged he will have before him this 
general outline which will possess the undoubted advan- 
tage of providing the backbone for an extended system 
of log sheets which will enable him to provide for data 
heretofore omitted and which will, moreover, tie in with 
that previously obtained. 


(1) Cost or Fue. 


FvuEL Is the largest single item of cost in power pro- . 
duction and a complete and careful record of fuel con- 
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The coal 


sumption is vital to the progressive engineer. 
record shown in Fig. 11 is a simple form designed to give 


all the data required to determine coal costs. As each 
car comes in the data necessary are entered in the proper 
columns. The second column will give the car initials 
besides the car number, in order to provide a means of 
checking with the bill of lading sent by the dealer or 
mine operator. 















Under the head ‘‘kind’’ should be specified bitumi- 
nous, anthracite, lignite, ete. The size, fourth column, 
should indicate whether run of mine, egg, nut, pea, or 
slack is used. 

Under ‘‘mine’’ it is desirable that the name of the 
mine producing the coal be given. This item is valuable 
as it frequently permits the exact specification or rejec- 
tion of coal without further investigation. Further- 
more, it enables the making of comparison between an- 
alyses made for the purchaser in his own laboratory or 
elsewhere, with those made by the U. S. Bureau of Mines. 
These are published at Washington as bulletins for free 
distribution. ; 

Undesirable ingredients of the coal can frequently be 
detected and guarded against by examination of the re- 
ports showing chemical analyses of the coal, and descrip- 
tions of the various strata such as shale, bony coal, 
limestone, ete., between which it lies. If the coal is 
purchased direct from the producer at the mine, the 
name of the mine is readily obtainable; if from the job- 
ber, it will usually be given if requested. 

The next column headed ‘‘Dealer’s Name’”’ is readily 
filled out as is the one following which calls for the 
weight of coal as given by the dealer’s scales. To check 
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In order to use this chart it is necessary to know 
three percentages: (1) fixed carbon, (2) ash, and (3) 
moisture. Proceed then as follows: Run a straight line 
from the fixed carbon (column A) to the sum of mois- 
ture and ash (column B) and locate the key in column 
D. Locate this key number in column E, called Trans- 
fer, and connect it with the sum of moisture and ash 
(which has already been located in column B) and the 
intersection with column C gives the heat value of the 
coal. - 

The importance of determining the percentage of ash 
is shown at a glance at Fig. 13 plotted from results of 
tests conducted by the U. S. Geological Survey. The 
curves of efficiency, horsepower, and value follow along 
about in the same relative positions and taking their 
values as 100 with coal having no ash content, all come 
down to 0 when the ash equals 40 per cent of the total 
dry weight of the coal. In other words, coal with this 
excessive amount of ash has no heat value and is worth- 
less. 

Moisture in coal greatly affects its heat-giving prop- 
erties and it can be shown that moist coal with a heating 
value of 11,000 B.t.u. per pound corresponds to coal 
having 8.3 per cent moisture and giving 12,000 B.t.u. 
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FIG. 11. FORM FOR SCIENTIFIC COAL RECORD 


up on this weight the purchaser should in every case 
reweigh the coal and record that weight as in the next 
column. Discrepancies will indicate loss in transit 
through leakage, pilfering, ete., which may be grounds 
for complaint to the railroad management, or they may 
show serious shortage in loading at the mine, defective 
scales, ete., and should eall for immediate notification to 
the mine or dealer. 

It must be remembered, however, that coal contain- 
ing 5 per cent or more of moisture tends to lose moisture 
and necessarily weight, while in transit. Low-moisture 
coals shipped in open cars may gain or lose moisture 
depending on weather conditions during transit. 

Values for the next three columns, B.t.u. (British 
thermal units) per lb., per cent ash, and per cent mois- 
ture, are obtained either by testing in the purchaser’s 
laboratory, by submitting samples for testing to recog- 
nized commercial laboratories, or by consulting the Bu- 
reau of Mines bulletins just mentioned. Looking up the 
chemical composition of the coal in these bulletins is a 
simple matter, provided the name of the producing mine 
is known. This is another reason for urging the engineer 
to obtain the name of the mine or mines which produce 
his coal. 

A chart for determining the heat value of a coal sam- 
ple, if a proximate fuel analysis is known, is shown in 
Fig. 12. 


per dry pound; and moist coal with a heating value of 
9000 B.t.u. per pound corresponds to coal having 10 
per cent moisture and giving 10,000 B.t.u. per dry pound. 

The next to the last item ‘‘Cost per ton’’ is recorded 
without difficulty. Under the last head ‘‘Cost’’ is en- 
tered the product of the weight by the cost per ton. 

Data recorded on the coal sheet as the coal is delivered 
are summarized at the bottom of the sheet either daily 
or at least once a month to give average values to be 
used for cost analyses. , 


(2) Cost or WATER 


WHERE WATER is secured from city service mains, a 
water meter reading once a week or once a month to 
check with reading by water department as shown in 
Fig. 14 will suffice. In large plants daily readings are 
necessary. 

If water is secured from a lake, river, or similar source 
by means of specially constructed intakes, service mains 
and pumps, the cost of these and such other items as ap- 
ply among the first eleven given in the chart should be 
computed so that the annual charge due to maintaining 
the water plant can be determined. This can be pro- 
rated per gallon of water recorded on the water meter. 
The cost of standpipes or storage tanks and reservoirs 
is similarly charged to the cost of water. 

Frequently it is desirable to add the cost of the stand- 
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pipe and other equipment, which is part of the water 
supply system, to the total investment for the plant and 
then the interest, depreciation and other factors are con- 
sidered a part of the general fixed charges, the same as 
similar items pertaining to the power plant building. In 
this case, however, no cost comparison is possible between 
the cost of production in such a plant and one in which 
the water is furnished without the necessity of building 
water storage facilities. 

For convenience provision should be made on the 
water meter blank for readings of all water meters in 
the plant which will save considerable confusion when 
making up the daily plant report. 


(3) Cost or Om, WASTE AND SUPPLIES 


A PERPETUAL inventory as shown in Fig. 15 will 
always give immediately the amount of supplies on hand 
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Fig. 12. 


and their value, provided the price remains constant. 
Materials whic are graded, and consequently of vari- 
ous prices, should preferably be given separate columns. 
For instance, if cylinder oil is purchased as grades 1 
and 2 they should be listed separately in order that the 
value at the bottom of the table may be a measure, also, 
of the quantity. This record may be kept weekly or 
monthly and the totals computed accordingly. In a 
large power house the storekeeper will keep the record; 
in a smaller one an engineer can make the entries at the 
time they are taken from the store room. It should be 
noted that the amount used by each shift is also recorded ; 
in plants with one shift this item is omitted. The col- 
umns marked ‘‘Value’’ are also sometimes omitted and 
provision made only for entering receipts and disburse- 
ments. 
(4) Cosr or Lasor 


THE DAILY log sheet should contain items shown in 
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Fig. 16 which pertain to labor costs, this data being ob- 
tained from work slips handed in by employes. 

Direct labor charges are readily computed from a 
record of attendance for which a place is provided on 
the general form sheet. The total hours worked multi- 
plied by wages per hour for each individual should be 
computed daily in large plants, weekly in small ones. 
Only such labor as is actually used in the operation of 
the power plant should be charged against this item, as 
general superintendence which continues whether or not 
the plant is productive must be classed as a fixed charge 
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and is so listed in article 11 under ‘‘Management.’’ 
Under direct labor are listed the service of the assistant 
engineers, oilers, firemen, coal passers, ash removers, 
storehouse men, and miscellaneous labor. 

Labor chargeable to maintenance must not be included 
in attendance costs and should be definitely separated 
and charged to repairs or renewals as the case may he. 
A place for such items is shown in the second section 
of the table, which comprises labor costs for repairs and 
renewals.. These should include only such as may be 
considered as work over and above ordinary attendance. 
These items can be transferred daily or monthly to the 
repairs or renewals accounts. 
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FIG. 14. FORM FOR RECORDING WATER METER READINGS 


Furthermore, the cost of electrical and repair work 
done by employes of isolated stations for the manufac- 
turing or producing divisions of the plant should like- 
wise be subtracted from the charges set against operat- 
ing. It is sometimes advisable, in order to show the real 
cost of producing power in such a plant, to class such 


- work done for other units of the plant as income pro- 


ducing. This is done by deducting from total operating 
expenses the value of such work, assuming that it was 
done by an outside contractor at the prevailing wages of 
each craft. 

Deductions for labor not chargeable to power produe- 























ing can be totaled monthly and together with items 
mentioned in the preceding paragraph subtracted from 
total labor cost for the month to give net labor attend- 
ance costs. 


(5), (6) AND (7) Upkeep Costs 


THE ANNUAL upkeep expense consists of annual re- 
pairs plus annual depreciation, which in turn is both 
natural and functional. Natural depreciation is due to 
physical decay, the action of nature, and is provided for 
by annual renewals which consist of expenditures for 
renewals of plant units. The functional depreciation of 
plant equipment is due to inadequacy and obsolescence 
which we will now define. 

Many manufacturing businesses of today are expand- 
ing rapidly so that equipment in excellent repair and 
good for many years of additional service is inadequate 
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to supply the demands made on it and must be re- 
placed by larger units or equipment of a different type. 
For instance, more boilers have to be built and higher 
pressures used; the piping would then be inadequate. 
Inadequacy is not related to physical decay or wear and 
tear; it cannot be forecast and must usually be provided 
for by allowing a certain percentage of the value of the 
equipment annually. 

Modern science ‘related to the generation and effi- 
cient use of power has developed remarkably in the last 
few years. Reciprocating engines have in many cases 
given way to steam turbines, individual motor drives 
have replaced belt drives, superheated-steam has replaced 
saturated steam; and competition for business has forced 
many a plant owner to scrap perfectly good machinery 
destined for many more years excellent service, and buy 
improved apparatus that would save in operating costs. 
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This decline in modernity is called obsolescence and is 
estimated variously, although it cannot be forecast. 

Thus the various factors which go to make up funce- 
tional depreciation cannot be measured nor foreseen, as 
it takes place whether the equipment is used or not. It 
is therefore not due to nature but to social progress and 
must be provided for in the same manner as fire insur- 
ance, by the setting aside of a fund to take care of 
future obsolescence or inadequacy. Functional depre- 
ciation depends on functional life which is the estimated 
number of years that’ a plant unit will remain in use 
before it is superseded by an improved or more adequate 
unit. A functional depreciation factor of 2.5 to 3.5 per 
cent per annum is justified by experience. 

Annual repairs are not a part of annual renewals and 
it is very important that the two terms be not confused. 
Repairs expense consists of expenditures for keeping 
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parts of plant units in serviceable condition while re- 
newal expense consists of the replacement of entire units. 
Just what should be called a plant unit? This question 
has been answered in a variety of ways and we show in 
Fig. 18 the generally accepted distinction between re- 
newals and repairs which answers the question in a satis- 
factory manner. Further, the size of the expenditure is 
often used as a criterion to distinguish between repairs 
and renewals by specifying that a repair is maintenance 
costing, say, not more than $50 per item and in general 
the renewal of all short-lived, small-priced elements. 
Such, for instance, are boiler tubes, fire-brick, gage 
glasses, valves, etc. A replacement of a long-lived, high- 
priced element such as a boiler, engine, turbine or gen- 
erator is termed a renewal, and, as the diagram shows, 
is chargeable to annual depreciation. 

Ledger accounts should distinguish between annual 
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repairs and annual renewals. Sometimes these are com- 
bined to give the annual maintenance cost, but it is 
strongly urged that in the original entry these be sep- 
arated. 

Costs of repairs and renewals should further be sub- 
divided into labor and material costs. Ordinarily, the 
help around the power plant does all the repairing and 
other maintenance work and the cost of such labor should 
be recorded as shown in the table given in the preceding 
section and deducted from the operating labor cost. 
Cost of outside labor employed for the purpose should of 
course be recorded. The cost of the material used for 
repairs, if it is drawn from shop supplies on hand, must 
be deducted from supply costs charged to attendance. 
Repair parts purchased to renew those broken or worn 
out will, of course, be charged directly to maintenance 
account. 

Renewals and repairs should also be entered in the 
plant ledger against the respective equipment on which 
the work is done. 


(B) Frxep CHARGES 


THE PRODUCTION cost factors listed as fixed charges 
are as a rule not among the items on the daily log sheets. 
The relative value of each of these as a percentage of the 
total cost of production is determined once or twice a 
year and added, on the monthly log sheet, to the sum- 
marized operating costs to give the total monthly cost of 
production. 

The fixed charge which we have designated as func- 
tional depreciation has already been discussed. A brief 
explanation will now be given of the other factors mak- 
ing up the total fixed charges to show the method used 
in arriving at their value. 


(8) Cost or INSURANCE 


INSURANCE on a power plant is divided into insurance 
on buildings, insurance on equipment and liability in- 
surance on employes. It is paid for in the form of a 
premium which bears a definite relation in the first two 
cases to the value of the plant assigned to it by the 
owner, and in the last case, to the hazard of the labor and 
its cost. If old machinery is replaced by new and more 
expensive machinery, it is advisable to have the policies 
revised to take this new value into consideration in order 
to make the protection adequate; insurance companies 
assuming risks in the case of workmen’s liability insur- 
ance insist that a careful record be kept of the employes’ 
time to distinguish the various occupations which bear 
premiums dependent on the risk of life involved. 

Property insurance costs remain the same, especially 
if paid on the basis of a term of years, excepting when 
additions or alterations to the plant itself are made, or 
if structures which change the fire hazard are erected or 
removed on adjoining property. If the hazard is les- 
sened, it will be to the owner’s advantage to have his 
policies canceled if the clauses providing for such can- 
cellation are still in effect, and to have new policies writ- 
ten. Increase in fire hazard is generally followed by 
cancellation or rewriting and increase in premium at the 
discretion of the insurance companies. 

It is well to note that with present high prices for 
building and equipment, insurance based on old costs 
is entirely inadequate and will involve serious impair- 
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ment of funds available for replacements, in case of fire 
loys. ; 

For the purpose of the cost record the amount of the 
yearly plant and equipment insurance should be divided 
by the total operating costs for that year and the per- 
centage used as the factor to be averaged with similar 
factors derived for other years. The general average 
so obtained can be used in connection with the other fixed 
charges, and added as a percentage or a sum to the 
monthly or yearly operating costs to arrive at the total 
cost of production for the period of time desired. 

With laws respecting the liability of the employer, as 
regards loss of life or limb of employes incurred in or by 
reason of his employment at a certain occupation, almost 
of universal application, workmen’s liability insurance 
has come to assume a very important place in power 


‘plant costs. The insurance premium is generally fixed 
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as a certain percentage of the yearly labor cost which in 
turn is divided into the various occupations, those more 
hazardous to life commanding higher premiums. Con- 
sidering that the premium may be a sum which is 1 to 
10 per cent of the actual cost of labor, thus amounting 
to a very respectable total in a year’s time, it is highly 
desirable that an accurate record be kept of the em- 
ployes’ time to show the class of work done, as it lies 
to the employer’s advantage to have his men work at the 
machinery or equipment which entails the smaller pre- 
mium charges. 

When no other means for allocating the charges is 
available, they are based in the case of a power plant 
auxiliary to an industrial establishment, on the weighted 
average plant premium paid for all classes of labor— 
toolmakers, machinists, molders, carpenters, etc. 

Whether to consider workmen’s liability insurance as 
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a variable or fixed charge is a matter of opinion—in the 
first place it can be considered as an inalienable part of 
the labor cost and thus attached to the labor costs; in 
the second place it can be considered as a charge similar 
to that of insurance on plant, or rent, as it is paid only 
once a year. For the sake of simplicity of recordkeeping 
we shall consider it as a fixed charge. The form shown 
in Fig. 16 will ordinarily suffice to provide the informa- 


(5), (6) and (7) JPKEEP COSTS 
ANNUAL UPKEEP EXPENSE 





Anhual “repairs Annual depreciat ion 
(1) (2) 


(expenditure for Natural Depreciation Functional 
keeping parts of (A) Depreciation 
plant unite in (B) 





serviceable con- Annual fenewale Deferred’ 


(Inadequacy and 









































dition) (expenditures for Annual 
——— a renewal of whole Renewals Obsolescence) 
Material Labor plant units) 
cost cost 
Material Lavor 
cost cost 
. ) 
- 
Annual maintenance 
expense 
Graphically 
FUNCTIONAL 
DEPRECIATION 
WATURAL ANNUAL 
DEPRECIATION | PEPREC/ATION 
ACTUAL | OFFERREO ANNUAL 
ANNUAL | AYYIYVAL UPKEEP EXPENSE 
RE: RENE WAL 
eet 
whe nad WNVAL REPAIRS 
Porenmni| canoe 
Fig. 17. DIAGRAM SHOWING ITEMS OF ANNUAL UPKEEP: 


EXPENSE 


' tion needed to compute the amount of the workmen’s 
liability insurance premiums. 


(9) Cost or TAxEs oR RENT 


IN A GREAT majority of cases land for power plants 
is purchased outright and taxes are paid both on the 
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to cover cost of building has been given, and bonds is- 
sued to cover cost of equipment and organization, inter- 
est on the mortgage and fees connected therewith and 
interest on bonds are the items to be classed hereunder 
as interest. If a plant has been built with money sub- 
scribed for that purpose, the income which the money 
would earn if invested in other business, or if placed out 
at interest, would be the sum to be set down as interest 
charges. Interest charges are varied from year to year 
as the value of the investment and current interest rates 
increase or decrease. 

Reference to the plant ledger, previously described, 
will: indicate increased value of equipment due to bet- 
terments, replacements or additions. Expenditures made 
for repairs and renewals which do not increase the value 
or efficiency of the equipment beyond its former value 


‘must be charged to operating expense. 


Additions include expenditures made from structures 
and equipment previously non-existent. 

Betterments include the improvement of facilities 
previously built. 

Replacements include expenditures for machinery or 
structures substituted for facilities obsolete or inad- 
equate. Only that portion of the cost of the replacement 
which is above the cost of renewal of the old equipment 
is charged to capital value. The remainder is charged 
to operating costs. 

From the value of the original investment plus cost 
of additions, betterments, ete., must be subtracted the 
depreciation charges described in section 7. The re- 
mainder will give the capital value on which to base 
interest charges. Except in large central plants, adjust- 
ments of capital value are usually made but once yearly. 

Where the power plant is part of a comprehensive 
system of buildings, its cost is obtained as part of the 
whole cost of the project and the interest computed on 
this part, as it is correct to assume that the power plant 
should pay for itself. Interest charges for plants of the 
latter type should be carefully computed as it is entirely 
possible to fix values which are not equitable so that fair 
returns on the investment are difficult of attainment. 











Coal Handling |Boilere | Stokers Pumps Heaters 


Machinery 


Plant Unite 
Renewals 


Economizers | Engines Turbines |Generators | Compressors | Motors 





Briék- 
work, 
Bridge- 
walls, 
Arches, 
etc. 


Care 
Wheels 
Chutes 
Catea 




















Sprocket wheels. | Sheets. Linke for Piston Valves. Scrapers: Connecting | Blades. Brushes. Valves and Armatures 
Pillow Blocks. Tubes. Chain Grate.| rings. Gage glaee.| Tubes. _Tode. Dieke. Commutator | Valve gear. a eo 
Shafting. Pressure | Worm Gears: | Cylinders | Trap. Beaders. Pulleys. Governor, * Piston rings.| Brus! a 

Repairs Buckets. gages. Eccentrics. | re-bored. | Pans Motor- Eccentric. Field coile,| Governor, Commutator 
Conveying Belts. | Gage Sprockets. | Valves Coils. repairs ernor. bars, 
Chain. glasees. |Grate bars Tubes. pone hg and 
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land and on a valuation, fixed by local conditions, placed 
on the plant. Ir other cases, especially in cities, where 
land is particularly valuable, rent on the land as called 
for by a lease is paid to the property owner; the tax on 
buildings and equipment will be the same as noted above. 
These figures ordinarily change only yearly and are 
readily secured and aianecnatn as explained i in the discus- 
sion on insurance. 


(10) Cost or INTEREST ON INVESTMENT 


INTEREST ©N investment is easily computed on the 
basis of a percentage of the original cost. If a mortgage 


CLASSIFICATION OF RENEWALS AND REPAIRS 





If specific figures are unobtainable, an interest charge of 
6 per cent of the original cost of building and equip- 
ment may be safely assumed. 

The annual cost of interest on the investment can be 
divided into twelve equal parts and one such part added 
to the monthly cost of the other fixed charges, or, as 
explained previously, as a percentage to obtain the 
monthly cost of production. 


(11) Cost or ManaGEMENT (OVERHEAD) 


THE METHOD of keeping the cost of management and 
overhead for a central power plant is comparatively 
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simple. The appended table covers items listed under 
administrative expenses: 


ADMINISTRATIVE EXPENSES 


Salaries, officers 

Clerical wages 

Office supplies 

Office rent 

Depreciation of office equipment 

Repair to office equipment 

Insurance on office equipment 

Postage 

Telephone and telegraph 

Legal expenses 

For a plant which serves only as a power generating 
unit in a group of buildings constituting a manufactur- 
ing plant some of the above factors are subject to vari- 
able modifieation. 

Thus in considering the charge under the heading 
“*Salaries of officers’’ it should be understood that where 
a man in charge of the power plant is also engaged in 
some other capacity in the manufacturing or production 
division, as for instance, master mechanic, it is essential 
for equitable distribution of costs that his time be pro- 
rated against his various activities. Other items such 
as office rent and clerical wages will probably occur only 
in the office of the manufacturing division and will not 
be charged to power generation. excepting where there 
is a definite relation existing between them. Most of 
the remaining items in the list given can be omitted. 

Management expense is generally figured as a per- 
centage against the total cost of production and would 
ordinarily vary only slightly from month to month and 
year to year, except as higher wages and higher prices 
enter into consideration. 


(B) Amount or OvTPUT 


THE ouTPUT of the ordinary power plant is measured 
by the amount of the steam, power, water or ice de- 
livered. The amount of each of the products, except 
the third, for any one plant varies considerably, depend- 
ing for the first and fourth on the season of the year 
and, for the second, partly on the season and partly on 
the manufacturing output during the year. The amount 
of water needed for ordinary plant uses fluctuates 
slightly from time to time. The method used to record 
the quantities produced will be described briefly in the 
succeeding paragraphs. 


(12) Amount or Steam DELIVERED 


Ir LIVE steam is used for heating, the amount deliv- 
ered is recorded on the flow-meter and should be recorded 
at least every 2 hr.; although during the summer months 
when the heat is off this reading is not taken, consid- 
erable variation, on the other hand, will be experienced 
in the winter months, depending of course on outside 
temperatures. If exhaust steam is used, it is sometimes 
advisable to measure the condensate instead of the steam 
as more accurate results are possible. The number of 
hours during which heat is supplied each day is also 
recorded on the daily log. 


(13) Amount or Power DELIVERED 


THE AMOUNT of power which is delivered by the 
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plant will be measured by integrating wattmeters for the 
lighting and power services. These instruments are self- 
recording and, except for test purposes, are read but 
once daily. 


(14 anp 15) Amount or WATER AND Ice DELIVERED 


WATER PUMPED for purposes outside the power plant 
and the number of cakes or tons of ice pulled each day 
are other products or by-products of the plant whose 
quantity is recorded daily. The daily log sheet will suf- 
fice for this purpose. 


Renewal and Repair Expense Record 


Labor Costs Material Charge 
Date | Name 
lio. of 


Equip. 


Material 
cost 


Fig. 19. FORM FOR REPORTING AND KEEPING RENEWAL AND 
REPAIR EXPENSE RECORD 


To make up a report sheet which will give all the 
necessary data for calculating unit costs, it is necessary 
to take each of these factors into consideration, provide 
means and a system for collecting the necessary data and 
arrange the items in a convenient form on. which they 
can be entered together with the desirable calculated 
results such as total cost per kilowatt-hour, water evapo- 
rated per pound of coal, cost of 1000 lb. steam, cost of 
labor per kilowatt-hour, ete. Such a form is not pre- 
sented here as it is always best to collect operating data 

Month of 
Cost of coal 
Cost of water 


Cost of oil, water-and sup- 


Water evaporated 
plies 


Total kw. or hp. output 

Live steam for heating Cost of labor 

Kw. for power Cost of repairs and renew- 

Kw. for lights als 

Water delivered Cost of obsolescence and 
inadequacy 

Cost of insurance 

Cost of taxes and rent 

Cost of interest on invest- 
ment 


Water evap. per Ib. coal.... 
Cost of management 


Cost coal per 1000-1b. steam 

Cost per kw.-hr. all charges to switchboard 
Cost coal per kw.-hr 

Cost labor per kw.-hr 


Fig. 20. CONDENSED SUMMARY 


at the same time that cost data is being recorded, so 
complete log sheets will appear in another section of this 
issue. A condensed monthly summary of cost data, how- 
ever, is given in Fig. 20 which serves most purposes so 
far as costs are concerned. 


THE HIGH cost of living is not the only problem 
before America, according to Vice-President Thomas R. 
Marshall. The high cost of leisure is also a menace he 
says. ‘‘One of the old ideas of the republic was that 
the limit of striving for success was the limit of capacity 
and endurance,’’ declared the Vice-President recently. 

‘*T only beg the thoughtful consideration of younger 
men who have the good of the republic at heart, seriously 
to consider the problem as to whether the only way in 
which to meet the increasing difficulties of American life 
is not by additional striving to produce more, to earn 
more, to economize more and to save more.’’ 
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Planning Forms for Tests 


Data REQUIRED FOR DETERMINING EFFICIENCIES; 
CONVENIENT Forms; ForMULAS FOR CALCULATIONS 


LL POWER plant machinery undergoes constant 
deterioration or wear, it may also get out of ad- 
justment or alinement or become coated with scale, 

soot or dirt which prevent it from performing its func- 
tions in the most efficient manner. These changes take 
place gradually in most cases, hence the reduction in 
efficiency is not noticed until the conditions become quite 
serious, unless the results of its work are watched con- 
stantly and comparisons made with form records. 

The engineer’s daily record should give an indication 
of the general results obtained from a piece of appara- 
tus but when these show a falling off which cannot be 
remedied without more definite information a special 
test for efficiency should be made which will in many 
cases determine just where the trouble lies and point 


Boiler Test 



























































Item 32 
Combined efficiency of boiler, furnace and grate based on coal as tira. | 
Item 25 : 
em Item 28° 
970.4 x/Equivalent evaporation from and at 212° per pound |---| Calorifie 
of coal ae fired * | value of 
1 ld. of 
| coal as 
( 1 fired 
Item 10 Item 3 
Equivalent water eegeenne into dry | —— | Wght. of 
steam from and at 212° “| coal as 
I : fired 
f _) 





Item 9 Item 94 
Water actual- |*|Factor of Evaporation 
ly evaporated 
corrected for 
quality of 
steam 
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Total res- temp. 
water care ef 
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Line 6} |Line 11 |[Line 10 Line 9 Line 6 Line 2 
Feed Percent-||Steam Peed Weight Celori- 
water age of |\pres- water of meter 
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in stean] |gage of 
: coal 





Los of Test re | 
FIG. 1. DIAGRAM SHOWING DATA NECESSARY FOR SECURING 
VARIOUS ITEMS FROM BOILER TESTS 


to changes which can well be made in the program of 
operation. 

In the test forms which follow, it is the intention to 
include such data as are necessary for determining 
efficiencies, as this is the most reliable method of compar- 
ing the operation of any piece of apparatus with former 
operation or with other apparatus for the same pur- 
pose. Not only is it desirable to compare efficiencies, but 
the various items entering into the calculations should 
be compared with more efficient apparatus as such a 
comparison will frequently show where improvement can 
be made. 

Most of these forms are quite complete but it will be 
noted that in most cases the data necessarily collected at 
the time of the test is in few cases more than five or six 


items from which the calculation of efficiencies can be 
made. It should also be noted that for some purposes 
it is not necessary to fill out the entire form given 
here as will be explained later. Efficiencies of each im- 
portant piece of equipment should, however, be deter- 
mined at stated intervals as in this way only can a plant 
be kept tuned up to its best working condition. 

No description is given here of the method of con- 
ducing these tests, as it is assumed that the engineer is 
familiar with the use of the necessary instruments em- 
ployed, but under the section on analysis, the method of 
comparing the data gathered will be explained and its 
relative importance pointed out. | 


Bower EFrriciency TESTS 


BOILER EFFICIENCY tests are of two general types, (1) 
those in which the boiler and furnace are tested for the 
amount of heat absorbed as compared with the heat 
value of the combustible burned, and (2) those in which 
the boiler, grate (or mechanical stoker) and furnace are 
tested for the amount of heat absorbed as compared 
with the heat value of the coal. 

Although most boiler tests have been and are of the 
latter kind, the efficiency of the boiler, not including the 
grate and furnace, is now recognized as the fairest basis 
on which to compare different boilers but no agreement 
has been reached as to the method of separating the 
boiler and furnace efficiencies. Combined boiler effi- 
ciency, as boiler efficiency which includes furnace and 
grates is sometimes called, introduces a number of vari- 
able conditions. Such for instance are the size and 
character of the coal, errors in sampling the coal, the 
type of grate or stoker, the skill of the fireman in pre- 
venting loss of coal through the grate, ete. It is com- 
bined boiler efficiency that is wanted by the average 
power plant engineer when the efficiency of the steam 
generating equipment as it stands is to be used for the 
purpose of comparing with other tests of the same or 
similar equipment. 

Boiler and furnace efficiency. is calculated from the 
formula: 

Boiler and furnace efficiency 

Heat absorbed per lb. combustible burned 





Calorifie value of 1 lb. combustible 

in which the heat absorbed per pound of combustible 
burned is obtained by multiplying the equivalent evapor- 
ation from and at 212 deg. F. per pound of combustible 
by 970.4, and this result is divided by the calorific value 
of 1 lb. of combustible which is determined by means of 
a calorimeter. The combustible burned is determined 
by subtracting from the weight of the coal supplied to 
the boiler, the moisture in the coal, the weight of the 
ashes and unburned coals withdrawn from the ashpit 
and the weight of the soot, dust, ete., which passes off 
with the gases or collects on the tubes, flues, baffles, etc. 

Similarly: Combined Boiler Efficiency 

Heat absorbed per lb. of coal 





Calorific value of 1 lb. of coal 
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in which the heat absorbed per pound of coal as fired 
is used as the numerator of the fraction and the heat 
value of the coal as fired is used as the denominator. 


REcORDING THE DaTA 


For THE purpose of recording results of boiler tests 
and to provide convenient and logical forms in which to 
record the data and computations the two forms shown 
herewith are recommended. The first form contains only 
the bare data which are recorded during the test; the 
second is a summary of the test data and shows the 
various arithmetical steps which must be taken to get 
to the point where the efficiency is calculated. 


BOILER TEST LOG 
Mate W... .4o0-. i 
Description 


Date______ 


in coal, percent (1) 
value 1 1b. of coal as fired, B.t.u. 
e ee © dry coal (2) 


® * © © combustible (2) 


of coal, 
ashes and 
lb. 


water meter, 
ft. or 1d, 


water teap, 
F, 


press. gage, 
per #q. in. 


11 moieture 
steam or deg. 
1a gee tempera- 


1s in 
of water 





(1) This ie the total moisture in the coal as found by drying it artificially. 


(2) Thie by A = obtained by means of the bomb calorimeter and can be 
ascuned f m previous tests. 


* (3) - new fire is started weight of wood used should be multiplied by 0.4 
to give equivalent weight in coal. 


(4) corrected for difference in gage glass readinge at start and finish 
of test. 


_ In making a combined boiler, grate and furnace 
test for efficiency based on coal as fired all that is neces- 
sary, is simply to weigh the coal, read the feed water 
meter, the feed water temperature and the pressure 
gage. These readings should ordinarily be taken every 
30 min., although for sudden fluctuations and for spe- 
cia! tests, 15 min. readings may be advisable. The per- 
centage of moisture in the steam can be recorded three 
or four times in the course of the test by testing with 
a throttling or separating calorimeter and the degree of 
superheat, if the boiler contains superheating surfaces, 
is similarly obtained by the use of a thermometer in a 
thermometer-well. 

It is expected that the boilers will be tested regularly 
so that data relative to the size of the grate and water- 
heating areas are not shown on the log sheet, but are 
shown, instead, on the summary sheet from which they 
can be transferred for later tests to succeeding summary 
sheets. Similarly, description of the kind of coal is 
omitted from the log sheet, although where the coal is 
subject to appreciable variation in quality (due for 
instance to unsettled operating conditions in the coal 
industry) it is important that the name of the particular 
coal used for the test be noted on the log. In any case 
this item must be recorded on the summary sheet. 


Using the results tabulated in lines 5 to 13 right hand ° 
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side of the test log sheet and general data as to the size 
and kind of coal, area of grate and of water-heating sur- 
faces, the summary sheet is laid out. 

It should be noted that the various summary items 
have been grouped under headings such as ‘‘General 
Data,’’ ‘‘Total Quantities,’ ‘‘ Hourly Quantities,’ ‘‘ Ef- 
ficiencies,’’ ete., so that if information concerning effi- 
ciencies only, for instance, is desired, it is necessary to 
go through only such computations as are listed in the 
section on efficiences. 

A graphical arrangement by means of which the in- 
terrelationship of some of the important items can be 
seen at a glance is shown in Fig. 1. Beginning at the 
top of the chart with combined efficiency of boiler, fur- 
nace and grate, each item is divided into its factors, and 
any item is equal to the value of those immediately 
beneath it and which would be included between two 
vertical lines drawn downward from the left and right 

BOILER TEST SUMMARY 
Data and Results of Evaporative Test 
General Data 
UUNRINDT Sain co crectiasc'cee v.96 pe acesies CDi viciccecteedeioweves boiler, 
to determine 
Item 


(a) Kind of fuel (also name of mine, etc.).............00008. 
CU INOS ohooh cae nb ecko cee ceestcecauceseenena 


Cy RR PIO Ec cc oso se ensinnss Oheaudeusucacene sq. ft. 
CQ) WECGr WORIIND BUPEROO so. 5.0.66. 0.05 cd cea rovesccncccaees sq. ft. 
(GO) RUDCPNONEINS BUNTAOR sooo oo is:c.c cisrcomsis evens ceevences sq. ft. 
Total Quantities 
Item Results Data 
No. from 
DR ROMNO OE WEIN cticcciicsn ccna Test log 
3 Duration of trigt. .....:56.0- Test log, 
Meee 8 8=—_s awadawas hr. 
3 Weight of coal as fired...... Test log, 
BOG e = vausaeces lb. 
4 Percentage of moisture in Test log, 
Fn NCEE OREO line 1 per cent 
5 Total weight of dry coalcon- Item 3 x 
Tn UT ae SE ree (1—Item 4) ......... Ib. 
6 Total ash and refuse........ Test log, 
pnere "Care eers Ib. 
7 Percentage of ash and refuse Item 6 ate 
TREND OUMN Go os 035-4504 6008 60 Item 5 per cent 
8 Total weight of water fed to Test log, 
DOMOD xcs 0454 Urb pviueees6s sk rrr re, Ib 
9 Water actually evaporated, Item 8 x 
corrected for moisture or Factor of 
superheat in steam........ Corree- 
OEP” shone ees Ib. 
9A Factor of evaporation....... See foot 
; note (?) 
10 Equivalent water evaporated Item 9 x 
into. dry steam from and Item 9A 
SORA NRE ciascresecs, ( « 9 ees «old; 


1 Factor of correction for quality of steam. When moisture 
Ag A than 2 per cent, deduct percentage from weight of water 
e 
per cent moisture 





fy; = 1— 
100 
For larger percentage of cies : " 
—- By 
fi —-1—P 
H—h 


in which 
P = Proportion of moisture. 
H = Total heat of 1 lb. saturated steam. 
hi= Heat in water at temperature of saturated steam. 
h = Heat in water at temperature of feed water. 
For superheated steam: 
H,s—h 
o= 
H—h 
in which 
Hs = Total heat in 1 Ib. of superheated steam at observed tem- 
perature and pressure. 
For superheated steam, factor of evaporation and correction may 
be combined: H » 
:— 


970.4 








fe= 


in which H and bh are, re- 





2Factor of evaporation fe = 


spectively, the total heat in steam of the average observed pressure, 
and in water of the average observed temperature of the feed. 














PO 





Hourly Quantities 


Item Results 
No. Description from Data 
11 Dry coal consumed per Item 5 + 
SE PE eee Hem Zt esc v ese lb. 
12 Dry coal per sq. ft. of grate Item 11 ~ 
surface per hour......... Item Co eee eens Ib. 
13 Water evaporated per hou 
corrected for quality of Item 9 + 
WEIR’ SatincGkGacsser ex Mem 2 ss sbaneesee Ib. 
14 Equivalent evaporation from 
and at 212 deg. F. per Item 10 ~ 
SSS eee emf lkasbeceas Ib. 
15 Equivalent evaporation per Item 14 — 
hr. per sq. ft. of water Item d 
DEEP MEEMDD Gaicacessss jo + Sebepasssene 
Average Pressures, Temperatures, Etc. 
Item Results 
No. from 
16 Steam pressure by gage, lb. Test log, 
ld he Sener Uo. (ORS Ss Sys 
17. Temperature of feed water Test log, 
entering boiler............ i) errr deg. 
18 Temperature of escaping gases Test log, 
FES RDO Ss os icbe pao sees Aly | PS ers deg. 
19 Force of draft in furnace, in. Test log, 
DE SRROE 65.50% 56 noose 0'0 Hine 18. wet ececcces ° 
20 Percentage of moisture in 
steam or number of degrees Test log, 
superheating ..........0e Hine TL ww ccc ceee eee 
Horsepower 
Item Results 
No. from 
21 Horsepower developed....... Item 14 + 
BED  —«s_—“‘(i‘C KM oe wee hp. 
22 Builder’s rated horsepower... From _ plant 


SG@er kk wees ess hp. 


Item 21 ~ 


23 Percentage of builder’s rated 
Item 22 


horsepower developed...... ....per cent 


Economic Results 


Item Results 
No from 


24 Water actually evaporated 
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corrected for moisture, ete. Item 9 ~ 
per lb. of coal as fired..... Senne. | ekesasnee Ib. 
25 Equivalent evaporation per lb. Item 10 + 
of coal as fired........... OMS ‘asskadese Ib. 
26 Equivalent evaporation perlb. Item 10 ~ 
DE MOORE, Ss wcbeneeeon ess [ne 9 Sse Seuss Ib. 
27 Equivalent evaporation per lb. Item 10 — : 
of combustible burned..... (item 6  ssssadees Ib. 
— Item 6) 
Efficiency 
Results 
from 
28 Calorific value of 1 lb. of coal Test log, 
as fired by calorimeter.... oe as ary B.t.u 
29 Calorific value of 1 lb. dry Test log, 
coal by calorimeter........ MOOS | skeen B.t.u 
30 Calorific value of 1 lb. of com- Test log, 
bustible by calorimeter.... Se B.t.u 
31 Efficiency of boiler and 100 x -Item 
furnace (based on combus- 27 « 970.4 
ED Sikinnnbescen sees -- Item 30 per cent 
32 Combined efficiency of boiler, 100 x Item 
furnace and grate (based 25 x 970.4 
on coal as fired).......... + Item 28 per eent 
33 Combined efficiency of boiler, 100 « Item 
furnace and grate (based 26 x 970.4 
on dry coal).....sseeeees Item 29 ....per cent 
Cost of Evaporation 
Item Results 
No. from 
34 Cost of coal per ton of...... From coal 
Ib. delivered in boiler records Bice ccccsee 


room eeeeeeeeeeeeeeeeses 

35 Cost of coal required for (1000 xItem 
evaporating 1000 Ib. of 34) + 
water from-and at 212 (Item 25x 
deg. No. of Ib. 
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extremities of the rectangle inclosing the items above. 
The chart indicates which items are relevant and those 
irrelevant. to the computation required to derive any 
particular information desired. It also points out by 
reading from bottom to top how far in the analysis of 
the boiler performance we are able to proceed if we 
possess certain data, hence the instruments by which 
to secure any desired results. 

Items 11 to 15, 21 to 23 and 34 and 35 give data 
which are useful in comparing’ the boiler installation 
with others as regards percentage of rated power de- 
veloped, capacity per hour, and the corresponding cost 
of coal. Such data is especially valuable in making rec- 
ommendations for new equipment, in placing responsibil- 
ity for poor results and for encouraging good work on 
the part of the individual boiler room employes, who are 


PUMP TEST LOG, SHORT FORM 


Made by....... in cacnmn purp. DEO ani mne 





General Informaticn 




















Itea) 
= s Area piston eq. in. | Area piston rod eq. in. 
A s Net arca piston=(Area piston-1/2 ares piston rod) = eq. in. 
| é Length of etroke = ft. 
fy | 3 No. of single strokes per min. (a forward and backward 

4 movement = 2 strokes) 
u Difference in elevation between water levele in supply i 


tank and diecharge opening 





Temp. of water Deg.F- | Steam Preeeure lo. 


Specific Data 








Mean effective press, 


Tine cu.ft. 1b. or gal. 
steam cyl. 


Mater delivered 





8:00 
8:15 
























































10:06 
Item T ¥ Remarks 
lapeed|hra. Total Total 
Time Water 
Wo. of 
readings 
Average 

















(1) 1f rod extends through both cylinder heade. 


AV. area = area piston = area piston rod. 


for a duplex pump cultirly by 2. 
(2) When gages are used to measure the pressures, the difference in their 
readings should be entered here, if water comes to the pump under head; 


if under vacuum, the inches of mercury should be reduced to pounde and 
In either case the difference in elevation 


between the center of the gage on the discharge lihe ard the point where 
the suction gage is attached should be added to the total of these 
readings. 


able to see the results of their work from day to day, 
by graphic charts which make use of the above data. 


udded to the other head. 


Pump EFrriciency TESTS 


In THE final analysis, the efficiency of a pump is 
measured by its output for a given period’ as compared 
with the input of power during the same interval, or, 

Output 
Efficiency —= ———_ 
Input 

The output of the pump is determined by measuring 
the head and the cubic feet or gallons of water pumped. 
The input is shown by a steam indicator on reciprocating 
pumps, by a dynamometer on belt-driven pumps, and 
by a watt-meter used with the efficiency curve of the 
motor if it be a direct-connected, motor-driven pump. 
Collecting the data during a test may be done on a 
form similar to that under the heading Pump Test Log, 
Short Form which will be found convenient for keeping 
the record of a simplified efficiency test of a reciprocat- 


ing steam-driven pump. 




























The test summary, short form shown contains five 
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items; the source of the information required is shown 
in the third column and the steps leading to the com- 
puting of the efficiency are plainly indicated. If the 
water delivered per hour cannot be measured in the 
usual way by means of tanks, barrels, calibrated orifices 
or water meter, it can be computed from the displace- 
ment of the plunger multiplied by the assumed vol- 
umetric efficiency expressed as a decimal fraction which 
may be assumed as 88 for deep well pumps, 85 for ordi- 


PUMP TEST SUMMARY—SHORT FORM 





Item Description Results Data 
Output from 
i Weight? water del. per Item W log sheet 
ASR Sree rer item T log sheet ...... Ib. 
2 Total head pumped 
MUOUMIEL: ccc veteeeese Item H log sheet _...... ft. 
3 Water horsepower...... Item 1 x Item 2 
Input VOS0000 °° © lo ee hp. 
4 Steam horsepower....... Items PLAN log sht. 
SOON ageece hp. 
5 Total efficiency......... Item 3 per 
Item 4 -.. cent 


1 Reduce gallons to pounds by multiplying by 8.33. 
Reduce cubic feet to pounds by multiplying by 62.35. 
21f pressure head has been read in pounds per square inch, it 
should be converted to equivalent head in feet by multiplying by 2.31. 


nary pistons, 80 for small pistons, 80 for triplex, 80 for 
large centrifugal, 60 for medium centrifugal and 40 for 
small centrifugal pumps. 

Even if a test is conducted along lines necessary 
to secure the data shown in the preceding forms, its 


. usefulness is limited inasmuch as the resulting informa- 


tion is not sufficiently detailed to enable the engineer to 
localize the losses so that remedies may be intelligently 


STEAM PUMP EFFICIENCY TEST LOG 


caamatdls MO Oe CT Sinise betcencce Date 
Description 
ion of pump tested 


length of etroke, in. 
dist. bet. suction gage connection and center of gage 


(4), cu. ft.or 
pumped 
+ of single (6) 
per win. 
of water 
Fr. 
preseure 
eq. in. 


ivery pressure 
in discharge 
lod. per eq. 


head 1b. 
eq.in.or in. 


eff.preseure 
cyl,lb.per 
in. 





eff. 
water cyl, 
eq. in. 


{33 From indicator cards 

2) To change pressure head in pounds to head in feet multiply reading 
in pounde by 2.31. 

(3) To change pressure or suction head in inches mercury to head in feet 
multiply reading in inches by 1.132. 

{3 Meter reading. 

5) Average quantity pumped per hour (reduce gallone to pounde by 
ae lying by 8.33. Reduce oubic feet to pounde by multiplying by 


(6) A stroke is the movement in one direction of the piston; a forward 
and backward movement constitutes two etrokes or one revolution. 
applied to the troubles in different elements which go 
to make up the pumping system. 

For the purpose of discovering such weak points in a 
pumping installation it is best to separate the losses 
into volumetric, hydraulic and mechanical, and to cal- 
culate the efficiencies known by the same names which 


combined make up the total efficiency of the pump. 


Log and summary sheets shown under the heading, 


Steam Pump Efficiency Test Log and Steam Pump Effi- 
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STEAM PUMP EFFICIENCY TEST SUMMARY 


Summary for single ¢ylindér pump only. For duplex pump, 
multiply by 2 items 6, 9 and 11; other items accordingly. 











Item Results 
No. Description from Data 
1 Made by...... Ol. oo. pump Test log —s we we eeeceee 
2 Date of trials... csi .cse cece Test log i.cvccrccoed 
3 Duration of trial..........+. Test log 
Hime LT . cccccwcee hrs. 
4 Area of steam cylinder (D = 
diameter. Wi2) v6. cesses eee DSc 7868 ets sq. in 
5 Area of piston rod (d = di- 
ameter in.)....cccccccccce Cb eer tC CCe sq. in 
6 Net effective area of piston... Item 4 — 
Item 5 
—"1) kuae eat sq. in 
2 
7 Area of water plunger, (Dj = 
CHOMICLOPIN:) «ose cee cose De SC.TOGE shee sq. in 
8 Area of plunger piston rod 
(dy = diameter in.)........ Gy? 7854 lk cess sq. in 
9 Net effective area of plunger Item 7 — 
Piston 2... ccecccccccccoce Item 8 
eeu Kee sq. in 
2 
10 Average length of stroke’.... Test log, 
Hime bo etc ceccces ft. 
11 Average No. of single strokes Test log, 
per minute .......seccreee bimeS i ckcce coccce 
12 Temperature of water....... Test -log, 
Ene 4 . ss ss wae deg. F. 
13 Steam pressure ..........+++ Tést log, Ib. per 
HUGO . wacieama sq. in. 
14 Delivery head in discharge Test log, 
PME oss cisa sete mieunrees HOGG = oteedveawe ft. 
15 Suction head or amount Test log, 
CREO eciesiiseae scien Oct ao wecinoae ft. 
16 - Pump head ......csessesece Test log, 
Hin€ © cece cece ft. 
17 Total head ....05..cccccvese Items (14+ 
1G UG) c ccsnases ft. 
18 Weight of water actually de- Test log, 
livered per hr.......ccecees line 2 ~ 
Hem so secccavens Ib. 
19 Plunger displacement per hour Item 9 
Ceomputed): ..cccccerccoer 
144 
Item 10 
Item 11 X 
en SI cu. ft. 
20 Weight of water by plunger Item 19 x 
displacement per hr........ CAEC «Ra eeaes Ib. 
21 Volumetric efficiency......... Item 18 
x 100 
ieee ot ee per cent 
SF Bip Of POMD S66 6 frie sic cccs 100 — Item 
3 le CIOL per cent 
23 Capacity, water delivered per Item 18 x 
oe CP Pee aaeaseeae SEMIS =x w Seana gal. 
24 Mean effective pressure steam Test log, Ib. per 
CPi Gerdevecstwstdescctue pe Beer or sq. in. 
25 Mean effective pressure, water Test log, Ib. per 
NM atcken cade pastes Has Oe Te +.  eecuaer sq. in. 
26 Indicated horsepower, steam Item 24 x 
GPU lo eictail case cidehe Item 10 
Item 6 &X 
Item 1] = 
omneue 4 ncloeeaes hp. 
27 Indicated horsepower, water Item 25 x 
OUUMUNE Oeciascccsnesceses Item 10 X 
Item 9 &X 
Item 11 ~— 
BGGUO) - . sé nesmasar hp. 
28 Mechanical efficiency......... Item 27 





WtemO6:.0 seals per cent 
29 Hydraulic efficiency.......... See footnotet ..... per cent 
30 Total efficiency............. Item 21 X 
Item 28 x 
temo kas per cent 





1 For use when rod does not extend through both cylinder heads; 
if it does, use Item 4 — Item 5. 

2 Reduce inches to decimals of a foot by dividing by 12. 

3Instead of 62.4, use weight of water per cu ft. corresponding 
to temperature. 

4To compute hydraulic efficiency, multiply Item 17 by _ the 
pressure due to 1 ft. head of water at temperature given in Item 


12 and divide this quantity by Item 25. Multiply result by 100 to 
get per cent efficiency. 
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ciency Test Summary when properly filled out give all 
the information necessary for the computation and segre- 
gation of these various kinds of pump efficiency. The 
various columns should be footed and the results trans- 
ferred opposite corresponding items on the summary 
sheet as indicated at the bottom of the log sheet. 

Data in the third column on the summary sheet, 
headed ‘‘results from’’ show in a concise way just how 
the results in the fourth column are figured. Whenever 
possible, approximate values of the items are given in 
the last column. 

Power driven pump tests are recorded in a manner 
similar to that shown in the preceding. Instead of tak- 
ing a reading on the steam cylinder, a dynamometer is 
used to record the power consumed in a belt-driven 
pump. A wattmeter used in connection with an efficiency 
curve will function similarly in the ease of a direct 
connected motor driven pump. 


HEATER TESTS 
In THE case of feed water heaters using exhaust 
steam, the purpose is to raise the temperature of the 


HEATER TEST LOG SHEET 
RD OR ce ce ce ee 
Line |Plant Number of heater 
aig Type, open = Number of traye 
Site * ° 








Closed - aang in tubes 
Form 


Size ~ ad 
Heating surface 





Radiating Surface 
Kind of insulation 
Thickneas of 





Total of | Average 
Readings 








1 Time 6:00 | 6:15 | 6:50) [[8200 





Temperatures 





Temp. Inlet Water 





Temp. Outlet Water 





Temp.Steam at inlet 





Ole late 


Temp. Condensate at 
outlet (closed heater) 





Temp. Air 





21O 


Temp. Inside heater 
shell 





8 Lb. Water to heater 




















9 Lb. Water from heater 
(open heater) 











9a | Lb. condensate (closed 
heater 





























water to a point just below boiling. As the plant 
usually has more exhaust steam than can be used to 
heat the water for boiler feed purposes only, consider- 
ably more steam goes through the heater than is needed 
unless it is of induction type and it would seem unjust 
to compare the operation of heaters of this class accord- 
ing to their efficiencies based on the heat output divided 
by the heat input. 

Where exhaust steam can be used for other purposes, 
however, or the amount is inadequate for feed water 
heating it is well to have some way of checking up the 
performance of the heater to make sure that the heat 
transfer therein goes to the water rather than an ex- 
cessive amount to radiation, also that the heater is of 
sufficient size to perform the work required. 

This may be done by noting inlet and outlet water 
temperatures, amount of water heated, temperature of 
exhaust steam which may be considered dry after passing 
through an oil separator and temperature of condensate. 
The radiation which can be expected from the surface 
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of the heater can be estimated when the exposed surface, 
kind and thickness of insulation and the temperature 
difference between the inside and outside of the heater 
are known. 

With this information at hand it is possible to make 


HEATER TEST SUMMARY SHEET 


Results Data 
Item Description from 
Mean temperature increase of Test log, line 
WALEED 2. cccccccccccccccccs 3 — line 2 ...... deg. F. 
2 Lb. water per hour.......... Test log, line 
Bre MINe A cha csesecin Ib. 
3 Heat transfer per hour...... Item 2 X 
Item 1 Ss:e danas SaSI OAs 
4 Temperature difference be- 
tween inlet steam and outlet Test log, line 
RUS? 0.5 0o5 5.6 sess sues s 4— line 3 ...... deg. F. 
5 Heat value of 1 Ib. entering 
S555 0 Sos ode Steam Tables ........B.t.u. 
6 Heat liberated by 1 Ib. Item 5x (line 
BUBB 96 6.o.0stsclesees cen scic 3 or line 5 
— 32) pea «ue pees 
7 Heat given up by steam per Item 6 line 
BONE caccuaseesesesesns aes 9a of test 
log-- line 1 ........B.tu. 
8 ‘Loss by radiation per hour (in- Item 7 — 
duction type heater)...... Item 3 ois siewiemneele 


comparisons between performances of the heater at 
various times which is of considerable value where vary- 


ing conditions exist. 


Economizer EFFicieNcy TESTS 

As A RULE testing of the economizer is done in con- 
junction with the test for combined boiler, furnace and 
grate efficiency. This follows because the combustion 
of the fuel constitutes an important item in the compu- 
tations, and inasmuch as this also is a large factor in 
the making of a boiler test, it is usually found advanta- 
geous to combine the two tests in one. 

Here again, as with heaters, comparison of efficiencies 
computed on the heat output divided by the heat input 
basis is of little or no value as it is well recognized that 
the economizer is purely a saving device and can utilize 
only such heat as working conditions of the plant can 
spare. In order therefore that the work of an econo- 
mizer from time to time may be compared it is well to 


ECONOMIZER TEST LOG 
































Bade by... — On economiser No... ---— Date____-... 
ad Description Enter as 
; Item Ho. 
4 gopeeteties of economizer 

4 is per pound of coal (1) Part of 1 
: Total erage 
Tine 200] 6:20] kc OR 
3 wes: . —_ ; ones of 
8 J by volume in 
#3, gas, percent 2 
4 |Temp. of flue gas Part of 
. fat entrance, deg. F. 5 
6 |Temp. of flue me Part of 
ieee s i 5 
-6 |Vater meter (3) 
reading,cu.ft.orlb, sf 
7 |Tezp. of water at Part of 
entrance, dog F. 8 
8 |Temp. of water Part of 
leaving , deg. F. 8 









































1 Prom Government bulletin, from proximate or ultimate analysis 
(ace diecussion under "Coal Records") 


2 Convert cubic feet to pounds by multiplying cubic feet by 62.35. 
compute the heat absorbing ratio from tests which will 
give a check upon the operation. 

Measurement of the heat conveyed to the feed water 
is accomplished by taking temperature readings of the 
water at entrance and outlet, and by recording the quan- 
tity of water by water meters, by weighing the water in 
barrels or, provided all the water can be accounted for 
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.t.u. gain 
the total heat absorbed. 






: engines or turbines. 










Item Description Results 
from Data 
1 Coal burned per 10,000 Test log, 
ROMS OD Sa04 ee see se Line 1X 
tae 2-- 
10,000 . Btu 
2 —» = by vol- Test log, 
co cccccecoccces line 3 per cent 
3 Weight of gas per 10,- Use Item 
000 B.t.u. in coal.. 2 with 
values in 
POOLE S006 Ke lb. 
4 Total weight of flue Item 1 x 
Oo eo ac i oe s0lDe 
5 Average temp. “differ- Test log, 
ence between inlet line 4— 
gases and inlet water. line 7 deg. F 
6 Heat of inlet gases Item 4 x 
above inlet tempera- Item 5x 
ture of water....... .23 . B.t.u 
7 Feed water passing Test log, 
through economizer.. line 6 ....... Ib. 
8 Average increase feed Test log, 
water temperature... . line 8 — 
line 7 deg. F 
9 Total heat absorbed by Item 7 x 
feed water.......... Item 8@) .....B.t.u 
10 Absorption ratio of Item 9 ~ 
economizer ......... OM esnk esse 


be used t 


comp 
per pound of water; this multiplied by * fe 7 vill give 


15 excel- 
lent 
28 poor 
19 fair 
10 excel- 
lent 


About 250 
to 300 
deg. 


About 100 
deg. 


1For a greater degree of refinement the B.t.u.’ 8 - water cor- 
responding to the two temperatures should 


ute the 


by evaporation, by measuring the condensate from the 


The amount of heat available in the flue gases is 
based on their weight and temperature. 


ECONOMIZER TEST LOG, EXTENDED FORM 


On economizer No...-.-—— ae MAO temme 


Determining 








Coal Sample Analysis 





Line 





Component, etc. 


per 
cent 








Carbon (C) 





oj} 





Hydrogen (Hg) 








Oxygen (02) 








Sulphur (8) 








Nitrogen (Kg) 








° | o@ ela 


Ash 

















B. t. ue. per pound coal 


















Flue gas analysis 








Component 


per 
cent 








Nitrogen (No) 








Carbon dioxide (C0g) 








riele 


Oxygen (0g) 








Pee. bak ee cleo 








Carbon monoxide (CO) 




























Time 

of coal 
‘Id. 

at 

grate, 
of flue 


at. cn- 
deg.F. 


of flue 


aes 


meter 
cu.ft. 
1) 


of feed 


at inlet, 
F.. 


of feed 


at outlet 
Fr. 


n | Description of economizer 





(1) Convert cubic. feet to pounde by multiplying by 62.35 


Enter as 
Iten No. 


Part of 
11 


Part cf 
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the weight of the flue gases presents a complete problem ; 
it includes within itself, when accurate results are de- 
manded, an analysis of the fuel burned and the deter- 
mination of the volume and analysis of the gaseous prod- 
ucts of combustion. As the quantity of air consumed 
in the burning of the coal is of necessity not included 
in a chemical analysis of the coal itself, it follows that 
some other method must be used to ascertain its volume; 
for this the CO, recorder, or Orsat apparatus, is em- 
ployed. 

For work which does not require precision a fairly 
close approximation of the weight of gas is based on the 
boiler horsepower and is given by the following formula: 

33,480w 





W= 
10,000 (E + .02) 
in which W weight of gas in pound per hour per 
boiler horsepower, 
_ w=weight of gas per 10,000 B.t.u. based on 
the CO, content (see Table I), 

E = combined efficiency of the boiler, furnace 
and grate expressed as a decimal frac- 
tion. 

To take care of the carbon lost in the ash 0.02 is 
added to the assumed efficiency. 

Table II is useful in determining the weight of the 
gases of combustion. Values are dependent on the per- 
centage of CO, shown by a CO, recorder, and on the 
combined efficiency of the boiler, furnace and grate 
which can be assumed for approximate results or, for 
more accurate work, can be determined by test. 


TABLE I. WEIGHT OF GASES AND PERCENTAGE OF EXCESS 
AIR CORRESPONDING TO VARIOUS PERCENTAGES OF 
CO, WHEN PERCENTAGE OF CO EQUALS ZERO 





Per cent C0g 
in dry gases 
by vol. 


18.7 18.0 17.0 16.0 15.0 13.0 





Excess air in 
percent of ° 4 10 17 
theoretical 
ainisus 


24 33 43 54 





Wght. of gas 
per i000 
B,t.u, in 
coal 1b, 


7.8 9.1 9.6 10.3 11.0 n.9 








Per cent COo 
in oo 
by vol. 
Excess air in 
percent of & 
theoretical 
ninigus 
Wght. of gas 
per 10000 
B.tsu. in 
coal 1b. 


11.0 10.0 9.0 8.0 





86 106 130 162 206 





12.9 14.7 | 15.7 17.6 20.0 23.3 27.8 



































The log and summary sheets of the economizer test 
short form, are designed for use when precision is not 
required. 

A more accurate method used to determine the weight 
of gas per pound involves the use of the formula: 

Lb. flue gas per lb. of coal = N, 


3.036 = a. 
co, + CO 


in which P = carbon burned, stated as a decimal 
fraction of the weight of coal and is the propor- 
tion of carbon in the coal minus that in ash, 

N,, CO, and CO are proportions by volume of the 
gases in the flue gas, 

And a = decimal part by weight of non-volatile 
residue per pound of coal. 
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Extended test forms for the log and summary sheets, 
in which the exact method of determining the weight of 
the flue gases as derived in the above formula is used 
are shown herewith. A problem involving the use of 
this formula is worked out in the analysis section. 


TABLE II]. WEIGHT OF GAS PER BOILER HORSEPOWER-HOUR 
AT SEA LEVEL CORRESPONDING TO VARIOUS CO, AND 
EFFICIENCY PERCENTAGES 


Weight of gas per boiler hp. at sea level 


corresponding to various COg and efficiency percentages 






Pexcent of COg in 


dry gases by Volume ee a Fg en Oe 
Assumed combined eff. 
of boiler grate and 
furnacee- 66 68 
Wht. of gases in lb. 

per boiler hp. 91 


ECONOMIZER TEST SUMMARY—EXTENDED FORM 















Results Approx. 
Item Description from ° Data Value 
1 Percentage of coal lost 100 x 
through grate .....- Test log, 
line 2+ 
line 1 ..per cent 5 per cent 
2 Percentage of carbon in 
coal lost.......++++: Estimated ..per cent 20 percent 
3 Total carbon lost per Item 1 X 
cent of coal fired.... Item 2 ..per cent 1 to 2 per 
4 Percentage of coal fired Test log, cent 
burned as carbon line a — . 
(decimal fraction)... Item 3 
(sum- 
mary) —s se eeeee ° 60 to .90 
5 Ratio of nitrogen to CO2 
and CO in flue gas... Test log, 
No lines h, 
k and m 
CO» + CO 
6 Lb. air supplied per Ib. 3.036 X 
OF DOR). .000ccn00000 Item 4X 
Item 5 wee eeee Ib. 
7 Gas constituents of 1 Ib. 1.00 — per 
of Coal. .......sceeee cent non 
volatile 
matter 
in coal 
(Test 88 Ib. to 
162) st sees lb. 95 Ib. 
8 Total weight flue gas Item 6 + ~ 
from 1 Ib. of coal.... Item 7 = «..«--- Ib. 
9 Weight of coal as Test log, 
Brel oc onscccess ces Hime 2 tte esee Ib. 
10 Total weight of gases Item 8 X 
generated .......++- Item 9 — wwe a eee Tb. 
11 Average temp. difference Test log, 
between inlet gases line 3 — 
and inlet water.....- line 6 deg. F 
12 Total heat of inlet Item 10 x 
gases above _ inlet Item 11 
water temperature... < 0.23 B.t.u. 
13 Weight water through Test log, 
economizer ......+-- Hine 5B cc veee Ib. 
14 Average temp. water at Test log, 
eee line 7 deg. F 
14a B.t.u. in water at out- Steam 
let per Ib..........- Tables B.tdu. 
15 Average temp. water at Test log, 
Pre line 6 deg. F 
15a B.t.u. in water at inlet Steam 
per Ib........eeeees Tables . Btu 
16 Average heat absorbed Item 14 — . Btu 
by water..... eee ess Item 15 per Ib 
17 Total heat gained by Item 13 x 
WALET .ccccccccccces Item 16 . B.t.u, 
18 Economizer absorption Item 17 -- 
FALIO ..cscccceccsce Item 12 


SreamM ENGINE EFrrFiciENcy TESTS 


STEAM ENGINE efficiency as expressed by the relation 
between the power shown by a brake and the indicate 
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horsepower is commonly termed mechanical efficiency headed 
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and is expressed by the formula: 
b. hp. 
En =—— 
i. hp. 
in which b. hp. is brake horsepower and i. hp. is indi- 
cated horsepower. 

Data for a mechanical efficiency test comprise brake 
readings and the making of a set of indicator cards 
every 10 or 20 minutes. It will be observed that once 
the engine and brake constants are determined, the only 
test data necessary for subsequent trials will consist of 
readings of gross weight on brake, the revolutions per 
minute, and indicator cards from the head and crank 
ends of the cylinders. 

In the case of large engines it is sometimes not 
feasible to obtain the brake horsepower directly. There- 
fore the engine is run light; that is, without any con- 
nected load and a ‘‘friction indicator diagram’’ obtained 
in the same way as the ordinary indicator ecard, which 
will show approximately the amount of work done by 
the engine in overcoming frictional resistance. The 
difference between the indicated horsepower showing of 
the engine running under load and running light is then 
considered the brake horsepower, although with some 
error due to the fact that the friction load is greater 
when the engine is running loaded than when unloaded. 

The results obtained in conducting a test along the 


lines just described give merely the efficiency of the 


engine as a machine. Ina majority of cases this infor- 
esirable to know just 


mation will not suffice, as it is d 

what the engine is doing in respect to its consumption 
of steam. Therefore we are showing a complete form 
of engine efficiency test, patterned after the A. S. M. E. 
codes of 1912 and 1915, which will give an excellent 
line on the heat or thermal efficiency of the engine, along 
with data relative to its mechanical efficiency. 

The log sheet comprises a series of readings at in- 
tervals of 20 min., covering observations of steam and 
barometric pressure, vacuum and temperatures. Besides 
these the quantities of steam delivered to the engine or 
the amount of condensed steam and the condenser leak- 
age and the moisture content in the steam are noted as 
shown under ‘‘Quantities, steam and condensate.”’ 

Indicator diagram readings with corresponding r.p.m. 
and weights on the brake comprise the third section of 
the log sheet. If it is not possible during the test to 
examine the cards to determine the values of the com- 
mercial cut-off, initial pressure, etc., this can be done 
when convenient; but the tester must not fail properly 
to mark each card, placing thereon the time of day when 
taken, the number of cylinder and the end of cylinder. 

Turning to the summary sheet we find it divided 
into sections comprising: (1) dimensions and constants, 
containing data which, once determined, can be used for 
all succeeding tests of the engine; (2) pressures and 
temperatures, (3) total quantities, (4) hourly quan- 
tities, (5) indicator diagrams, (6) speed and power, (7) 
economy results, (8) efficiency results, and two minor 

sections. 

The second and third sections are made up largely of 
footings taken directly from the log sheet. 

From the total quantities, the hourly quantities and 


d hourly heat data are derived, as shown in the columns 


‘‘results from.’? Heat consumption of the engine 
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STEAM ENGINE, GENERAL HEAT AND MECHANICAL 


EFFICIENCY TEST LOG SHEET 


a Date 





Description 


Description of Engine 
in 
eteam pipe near 
1 d 


atmosphere in 
in. of mercury 
in re- 
ceiver by. gage 
lb. per eq. in. 


in conden- 
ser of 


Presse, in exhaust 


near engine 
gage 1b. per 
in. 


Press, in jackete 
and reheaters 1b, 
8q. 


of etean 
near throttle 
F. 


Temp. of steam in 
pipe near 


Stevan Meter 
Reuding 


Steam Condensate 
lc.” 
leakage 


in Steam 
cent » 


let Cyl. 


t of stroxe 


ial pressure 
atmosphere 
b. per eq. in. 





at 
point a- 
or telow 


ea of indicutor 
ne 


Q 
of Card 
2nd Cyl. 


cutoff 
of stroke 


tial pressure 
atrosphere 
per eq. in. 


press, at 
point above 
atmosphere 





of. indicator 
eq. in. + 
of Card 


oPeBe 
hy ead io 


is found by taking the quantity of steam consumed and 
multiplying by the total heat in 1 lb. of steam at the 
throttle pressure (Item 8), less the heat in 1 Ib. of 
water at the throttle pressure (Item 15) in the exhaust 
pipe near the engine. 

The thermal efficiency of the engine (Item 35) ; that 
is, the proportion of the total heat consumption which 
is converted into work, is found by dividing 2546.5 (the 


STEAM ENGINE, GENERAL HEAT AND MECHANICAL 
EFFICIENCY TEST SUMMARY 
(1) Dimensions and Constants 


Item 
1 Sngme Now... 626s ROME DY sie. s ani os.sie6e Li). i eS 
CPR so AS Roe Ao aE eee eee ert eee 
3 Duration, hours, and decimal parts! (Col. 1 test log)........ 
4a Type of engine (Simple or mult. expansion)............... 
4b Class of service (mill, electric, etc.)......... cee eeecceeees 
4c Auxiliaries, steam or electric driven (condenser, oil, 
Pe Me Cie oiaisince apie rian ethan asia valciatha ae oisie Ro 
4d Rated power of engine............. cece eens MDS ioe 
SNARE ERED SURDOIN Gp 25)cg's0 0 wise: 08-010 wR. oeho"0 viele o.w'6'4:8'8'6)6:0' 5.00 dhe 
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1st Cyl. 2nd Cyl. 
Head Crank Head Crank 
CRP SIM Se ciciece sees 6Semts emcee saver ~eenes 
CT APOR METI ccc bs ekscccececes js 0bes cevee” “aeece Ieeeee 
OO eee PUNO LOG, SNe cc cciclesavs esses codes | Seese sewed 
CU ROR G MUG Minne ccscceveceusees sods) Sieieea v eeeee enmne 
Se Net eff. aren ag. in. (A)... cesses coccs ° 
CE eerdae OF Prati: £6 Ca iiciis caccvecsica seenveceeus 
5g Clearance (average) in per cent 
GL PISGOl \GUPINOOMCNG. 6.5. Ske teekese ceccnencees 
5h Cylinder ratio based on net pis- 
CON GIBPMMORMIONE occ eccc css Sisccccenes ‘sessteceses 


6 Engine constant for 1 lb. m. e. p. and lr. p. m= 
2 X Item 5e x Item df 





33,000 
2x 3.1416 xr 
7 Brake constant _ r = length of brake 
33,000 
APNE Fe TONGS bicikd. cc viscwccsvicvcceccteveuascceueeeeegas 
G6. TESG Of DISKO. occ cpcnecccccceciccccsecescouns 1 rere? 
(2) Average Pressures and Temperatures 
Results , 
Item Description from -Data 
8 Aver. press. in steam pipe Test log, Ib. per 
near throttle by gage...... men ls eceess sq. in. 
9 Aver. barometric press. of at- 
mosphere in in. .of mer- Test log, 
CULT cwnvcccchecagmecsssss WOO 8 8««s “weéaeaekas in. 
10 Av. pressure in receiver by Test log, 
BATS wccccccccess ioe caees line 4 .. lb. persq. in. 
11 Av. vacuum in condenser in Test log, 
itt; Gf MONOUTF eco. oc teese HOS” 9 ~ @deedcacaal in. 
12 Av. press. in exhaust pipe Test log, Ib. per 
near engine, by gage....... meee, § Mesdeete sq. in 
13 Av. press. in jackets and re- Test log, 
heaters, by gage........:. Me deg. F 
14 Av. temperature of steam Test log, 
near throttle. ......esseece HmeS = = se svee deg. F. 
15 Av. temperature of steam in Test log, 
exhaust pipe...........+- mo = abe deg. F 
(3) Total Quantities 
Results 
Item Description from Data 
Test log, 
16 Total steam to engine....... pp | rer rrr Ib. 
17 Total condensed steam from Line 11— 
surface condenser..... cove line 12 
i ere or Ib. 
18 Factor of correction for qual- Line 13 and : 
SEF OL GOMER. 5 occ wec cscs footnotes _..... per cent 
19 Total dry steam consumed by Item 16 or 17 
CHBIOD o.ccicscccess coccccce corr. by 
pa re rrr Ib. 
(4) Hourly Quantities 
Results 
Item Description from Data 
21 Total dry steam consumed by Item 19 ~ 
engine per hour........... io ees Ib. 
22 Heat units consumed by en- Item 21 x to- 
Gime PO HOUFi.....icesese tal heat of 
steam at 
pressure of 
Item 8 — 
heat in 1 
Ib. of water 
at temp. of 
i Gs i: arrears B.t.u 





1 Reduce minutes to decimal parts of an hour by dividing by 60. 
2 Net effective area “A” for each side of the piston equals the area 
of the piston when the rod does not extend through it on the face 
in question, but is equal to the difference between areas of piston 
and rod when the latter does extend through the face. 
8 Factor of correction for quality of steam: When moisture is 
= than 2 per cent, deduct percentage from weight of water fed 
us: ' Lived 
per cent moisture 





fy —-1— 
For larger percentage of moisture: 
— hy 
fi —-1—P 





H—h 
in which 
P = Proportion of moisture. 
H = Total heat of 1 1b. saturated steam (see steam tables). 
hi= Heat in water at temperature of saturated steam. 
h = Heat in water at temperature of feed water. 







(5) Indicator Diagrams 
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which are side by side, with the sign of multiplication 
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effectiveness in pointing out the many advantages which 
obtain in the use of such a chart; other items, provided 
they bear a definite relationship to each other (shown 
in the third column of the various summary sheets), 
could be used equally well. 

Briefly, then, beginning at the top of tlie sheet, in 
this case Item 35, each item is divided into its factors, 
the quotient appearing immediately above the dividend 
and divisor, which are placed side by side with the divi- 
sion sign between them, and the product immediately 

above the multiplicand and multiplier or multipliers, 


and 


























Speed and 
Power 
Speed, full load 
TePeMe 

TePoMe 


ate “eae 
full 6 half load 


Grose weight on 
brake, 1b. 

































Results Data Data 
from Ist Cyl. 2nd Cyl. between. — ; 

i Av. commercial eato® Similarly, beginning at the bottom with data col- 
i . ed cent of —, . P q lected in the running of the test and entered on the log 
DED. Gober sc osness an ..per cent ..per cen . 

24 Av. initial pressure Lines15 lb. per Ib. per sheet, working up to the top of the page, these data by 
above atmosphere. ... and 19 . .8q. in. ..sq. in. addition, subtraction, multiplication or division merge 

25 Av. back pressure at into items which become more and more inclusive, until 
lowest point above or Lines 16 lb. per lb. per th ti esl 
below atmosphere.... and 20. ....8q. in. ....8q, in. © one uppermost 1s reacned. : 

26 Mean effective pres- Lines 17 Again, any item is equal to the value of the items 
BUTE wee ee seer eeeee and 21 immediately beneath it, as shown by the horizontal 

scale of Ib. per Ib. per 2 : 
spring ..8q. in. ....8q. in. brackets, and which would be included between two ver- 
tical lines drawn downwards on the chart from the left 
(6) Speed and Power ° bee A 
Results and right extremities of the rectangle enclosing the 

Item Description from Data items. 

27 Revolutions per minute...... "oes leg; até. Another exceedingly valuable function of the chart 

28 Piston speed ............2+- Item 27 x ; is to point out how far in the analysis of the engine per- 

lial as a = x2 ..ft. per min. formance we are able to proceed if we possess certain 

1 or ower evel- em ° 4 . 
eped by ee engine cyl- Item Pa, data, ae correlatively, the instruments by which to 
PD talk waeseecaussuse Mem Gas wesens ihp. secure them. 
30 Brake horsepower........... gy — This method of analysis giving, as it does, information 
Tat) >< as to what we must have, and showing what is not needed, 
Item 27 X is applicable to all the items shown on the summary 
Ttem 7 eee ees br. hp. sheet. Thus any engineer can construct his own charts 
(7) Economy Results for information he is particularly interested in having, 
= Results from data given in the third column, headed ‘‘results 
Item Description from Data Ye 2 ° : 
31 Dry wm consumed by engine Item 21 + from,’’ taking care to draw his rectangles in accordance 
B)) CRO NMIEs o05 400000050 Te ys Ib. with the principles described herein. 
32 Dry: m consumed by engine Item 21 ~ " “ 
per WE. nGsbisssewe Sy BBR sey ears Ib. Stream TURBINE EFFICIENCY TESTS 
33 Heat ‘ts consumed by en- Item 22 ~ 
gine vi. hp. iP ivesnseaes OO re es B.t.u. IN MANY res ects the steps taken in he t tin: of 
34 Heat vu 1s consumed by en- Item 22 ~ bi P f i ken i 8 soit f 
gine | ¢ br. hp-hr........ hog Btu, steam turbines conform to those taken in the testing 0 
8) Efficiency Result 
(8) a STEAM TURBINE, GENERAL HEAT AND MECHANICAL 
mg EFFICIENCY TEST LOG 
from Data SHEET 
35 Thermal efficiency of engine 2546.5 x 106 ne ee pn durbin’ Boeceo ccc. eee 
referred to i. hp.......... -~ Item 33 ..... per cent sesestetien 
36 Thermal efficiency of ee 2546.5 x 100 
referred to br. hp....... -+- Item 34 ..... per cent Description of turbine 
(9) Work Done Per Heat Unit Time 
37 Net work per B.t.u. consumed — 
Df ee era 1,980,000 ~ Temperatures 
es ft-lb. in stean 
near throttle 
(10) Sample Diagram aang 
sinesgnese a8 mm 
38 Sample diagrams from each ct Menino A 
CYUNMEL ....ccccscccecees tidied sd scat 
—_—_—_ gage, 1b. per 
4 Whether the tare of the brake, Item 7a, is to be added or sub- in. 
tracted to obtain the net weight depends on the weighing mechanism aS 
itself. in. of mercur: 
B.t.u. equivalent of one horsepower-hour) by the num- eof gteam near 
ber of heat units actually consumed per horsepower-hour. Papomaaryy 
To facilitate the use of the efficiency data sheets a "Gog Pe 
graphic layout has been made which shows at a glance ntuge of note- 
the inter-relationship of the various factors comprising ae aie 
the engine efficiency data. The particular items which mes 
. ° t ’ 
have been selected for this purpose are chosen for their thd Condensate 
Steam meter 





condensed,1b. 
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ITEM 35 
Thermal Efficiency of Engine Referred to I.4p. 
I 








) 





adi x Z = | 


ITEM 33 
Heat Units Consumed by Engine per I,Hp.-Hr. 
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ITEM 22 oe ITEM 29 
Heat Units Consumed by Engine per Hour | * | Indicated Horsepower Developed by Engine 
| 
| Total heat in 1 1b, Heat in 1 lb. of : Se 
of steam at press, of water at temp. of ITEM 6 
ITEM 21 l | ITEM 26 ITEM 27 ™ Engine Constant 
Total Dry Steam Consumed | X pn i A a ITEM = M.e@.p. X R.pem. f'ifor 1 lb. m.@.P. 
by Engine per Hour rage e am verage Temp. 
bhai ates Press, in Steam of Steam in and 2 2.D.Be 
Pipe near Throttle Exhaust Pipe 





ITE 19 ITEM 3 
Total Dry Steam |~|/Duration of 
Consumed by Engine Test, hours. 


See 


ITEM 16 ITEM 18 
Total re Factor of 
Correction for 












































meaipe Quality of Stsam 

LINE 10 LINE 13 LINE 1 LINE 2 
Steam -| Moisture Time Gage Press 
Meter in Steam of in 
Reading per cent Reading Steam Pipe 
































L | | | 








A ke 
Wet eff.] Stroke |X 33,000 


Area of 
Piston Piston 


| 
ITEM 50] [item of 
x 














Original Engine Data 


"Permanent Statistice® 
































LINE 9 LINE 17, etc. i. 
Temp. of Area Ind. Card+ —_ liei 
Steam in Length of CardX +» 
Exhaust Pipe Scale of Spring. 6 





| J 








T 
LOG OF TEST DATA 
FIG. 2. 
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steam engines. For our purposes, we have in both cases 
eliminated consideration of the generation of electrical 
energy which is, in a majority of cases, accomplished by 
direct or semi-direct connection with the prime-mover. 
This enables us to test the engine or turbine, as the case 
may be, without resorting to the use of electrical meas- 
uring apparatus. The subject of generator testing is 
treated separately. 

Outside of the information obtained during an engine 
test which has already been taken up, the following point 
deserves mention: If the amount of steam used is deter- 
mined from the water discharged by the wet vacuum or 
hot-well pump, the amount so discharged should be cor- 
rected for condenser leakage, for water drawn in through 
the packing glands of the turbine, and for any other 
supplementary supply of water. 


STEAM TURBINE EFFICIENCY TEST, SUMMARY 
(1) Dimensions and Constants 


Item 
No. Description 
A Durbin NOs 666835 ORO UN 6 55550 ss wae ss PET sees es 
ey ENED Vek 4 (RE OS 6 O8651 so hea ee Fs 50.56 868s 60 08 
3 Duration, hr. and decimal parts (Test log, line 1)........... 
4a Type of turbine (impulse, reaction or combination)......... 
4b Class of service (electric, pumping, compressor, etc.)........ 
4c Auxiliaries, steam or electric drive (condensers, oil pumps, 
MIDS ig 5 ok ed oe oa hs SP OIReso es de-6 DOCH aS Ne olde FR600 0 
A TENCR CR PARIEY OL SUMING Ci, 01s,6:6.0.0.0e 6 oe cKuSsoccseecdeceses 
4e Capacity of generator or other apparatus consuming power 
NP UNEEINNE 516-5 0141p SNE Sis lel Pib-O0'w KOE. D¥-08'6'4 <0 u:)6is 010 bie 6 8's 
2x 3.1416 x p 
5 Brake constant —-——————— in which ‘‘p’’ equals length 
33,000 
ROE AROUND NTE SAIN SOB el 5 0 615 55 5 015.6 6r0, 0.0 -6,0-4/6 4 Nid) s 16 DKS a /bi8's 80" 


5a Tare of brake, lb. (weight when turbine is not running)..... 
(2) Average Pressures and Temperatures 


Its 
Item Description from Data 
6 Av. pressure in steam pipe Test log, Ib. per 
near throttle by gage...... i ee ee sq. in. 
7 Av. barometric pressure of at- 
mosphere in in of mer- Test log, 
a PO EL RTE Vk RRR cre in. 
8 Av. pressure in exhaust pipe Test log, Ib. per 
near turbine, by gage..... 1 2) rar sq. in. 





DIAGRAM SHOWING DATA NECESSARY FOR SECURING VARIOUS ITEMS FROM ENGINE TEST 





9 Av. vacuum in condenser in in. Test log, 
CE ENON oScasca) Kecbens eer in. 
10 Av. temperature of steam near Test log, 
Ls | | Se ener ar area i err deg. F 
11 Av. temperature of steam in 
exhaust pipe near tur- Test log, 
. ja ee nner jt Se deg. F 
12 Av. percentage of moisture in 
steam near throttle, or num- 
ber of degrees of super- Test log, per cent or 
MONG evohs cceceveoscaceces Hme 8 ccc deg. F. 
(3) Total Quantities 
Results 
Item Description from Data 
13 Total steam to turbine....... Test log, 
bi 8 Mee rec Ib. 
14 Total condensed steam from Test log, 
surface condenser......... lines 10 
es eer ec Ib. 
15 Factor of correction for qual- Item 12 and 
GY OF GlCAMIs 5 sic cence nc evs footnote! _..... per cent 
16 Total dry steam consumed by Item 13 cor- 
PUN os. ccn0s Seeesnceesce rected by 
iS fs | ree reer ee Ib. 
(4) Hourly Quantities 
Results Data 
Item Description from 
17 Total dry steam consumed by Item 16 ~ 
turbine per hour...... LS: ee cre Ib. 
18 Heat units consumed. by ‘tur- Item 17 x (to- 
DMROr DEP OUP S666. ccc eea's tal heat of 
1h o 
steam at 
pressure of 
Item 6 — 
heat in 1 
Ib. of water 
at tempera- 
ture of 
bh ere err B.t.u 


1Factor of correction for quality of steam: When moisture is 
jor than 2 per cent, deduct percentage from weight of water fed, 
us: 
per cent moisture 
fy = 1— 





100 
For larger percentages of moisture: 


fy -1—P oe 
H—h 





in which 
P = Proportion of moisture. 
H =Total heat of 1 lb. of saturated steam (see steam tables). 
hi= Heat in water at temperature of saturated steam. 

h = Heat in water at temperature of feed water. 












(5) Speed and Power 


Results 
Item Description from Data 
19 Revolutions per minute....... Test log, 
line 12 .-T.p.m. 
20 Variation of speed between no Test log, 
load and full load........ line 12 — 
line 13 ssa, 
21 Momentary fluctuation of 
speed on suddenly changing 
from full load to half load 
measured by the increase in 
the revolutions due to the Test log, 
DENIED Seb isinced sins eens line 14 oo v0 ssc; 
22 Brake horsepower........... (Test log, 
line 15 + 
Item 5a)X 
Item 19 x 
Item 5(7) ss... sss br. hp. 
(6)° Economy Results 
Results 
from Data 
23 Dry steam consumed by tur- Item 17 + 
bine per br. hp.-hr........ SORES, 8 = AS seen anes Ib. 
24 Heat units consumed by tur- Item 18 — 
bine per.br. hp.-hr........ ROOMS Kb bebo B.t.u 
(7) Efficiency Results 
25 Thermal efficiency of turbine.. 2546.5 x 100 
-- Item 24 ..... per cent 
(8) Work Done Per Heat Unit 
Results 
from Data 
26 Net work per B.t.u. consumed 1,980,000 — 
eam Sk 4 ses sess ft.-Ib 


by turbine «.. ..<s. Sb ieebe 

2 When rotation tends to lift the measuring weights, the tare of 
the brake (effect of the weight of brake arm, band, etc., on the 
weights or scale when turbine is not running) is added to the meas- 
uring or scale weights to obtain the net weight used in the formula; 
when rotation is in the opposite direction, the tare is subtracted to 


get the net weight. 





It is highly desirable when comparing turbines of 


the same size and type that test results should be re-— 


duced to a uniform standard of vacuum, superheat and 
admission pressure. In this way it will be possible to 
compare results obtained in plant efficiency tests with 
similar tests made at the factory. 


CONDENSER TESTS 


IN THE CASE of surface condensers, a fairly satis- 
factory method of comparison of condenser performance 


SURFACE CONDENSER TEST LOG SHEET 
Made by__— —-— On condenser No... ~.— .——— Date ...ccc20 


Description 


Description of Condenser 


Condenser Surface, eq. ft. -~S = 


Time 


in. of mer=- 


t temperature 
ing water, 


temperature 
ing water, 


t Steam Con- 
lv. 


leakage 


circulating 





can be had by comparing the heat transmission through 


the condenser tubes. 
A formula worked out by C. F. Braun (A. S. M. E. 
proceedings, 1915), gives the coefficient of heat trans- 


mission by the formula: . 
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In which 

U=B.t.u. per sq. ft. 

W = Pounds of steam condensed per hour. 

Q =Total heat removed by circulating water per 
pound steam condensed (usually taken as 1000 
in all cases for simplicity). 

M = Mean temperature difference in deg. F. 

S = Square feet of cooling surfaces. 

The value of M, above, in terms of steam and circu- 

lating water temperature is given by the formula: 


TS — TW, - 


M= (TW, — TW,) the Naperian Log. of 
TS —TW, 
in which 
TW, and TW, are, respectively, the initial and final 
temperatures of the circulating water. 
TS is the temperature of the steam, which is assumed to 
be constant throughout the condenser. 


SURFACE CONDENSER TEST, SUMMARY SHEET 


Results 
Item Description from Data 
1 Duration of tost.......c000¢ Test log, 
line 3 spaneewese hr. 
2 Total steam condensed....... Test log, 
line 7 — 
MEDIO... ~< “<dveueewee Ib. 
3 Steam condensed per hour Item 2 + 
CBVAA sec aee pele 629s oxeeyss Item 1 Simsss cae lb. 
4 Average initial temperature Test log, , 
circulating water (TWj)... line 5 wanes deg. F. 
5 Average final temperature cir- Test log, 
culating water (TWo)..... > ee deg. F. 
6 Difference between initial and 
final temperature of circu- Item 5 — 
intang WAGER di65 08s 0500000 ge eae deg. F. 
7 Average vacuum, in. of mer- Test log, 
LS ESE ee e oo RE So in. 
8 Temperature of steam (TS).. Steam tables 
value corre- 
sponding to 
ie Slr ry er deg. F. 
9 Difference in temperature be- 
tween steam and water at Item 8 — 
US ey as Oe srs. deg. F. 
10 Difference in temperature be- 
tween steam and water at Item 8 — 
BERD COUND «5's 010s 5 icieses.ss Item 5 se eeeees deg. F 
11 Ratio of temp. difference be- 
tween steam and water at 
initial and final tempera- Item 9 ~ 
SRDS 3c cuwees sncseaeee ens UNS | Sr re rary 
12 Mean temperature difference Item 6 ~ 
sg RES ey I Ie Pe Log e Item 
| | se deg. F. 
13 Pounds steam condensed per Item 3 ~ 
square foot per hour...... Test log, 
eGR uses Sens Tb. 
14 Btu. per square foot per 1000 «x Item 
OUP ‘Si'scsas os vies o¥en ees BeOS i “eee B.t.u. 
15 B.t.u. per sq. ft. per deg. F. 
diff. per hour — coefficient Item 14 ~ 
of heat transmission....... i Be em OE IS B.t.u 





be found as follows: 


11f a table of hyperbolic logarithms is not available, the hyper- 
bolic logarithm of any auantity (the logarithm to the base “e”) can 


Find its logarithm to the base 10 (common 


or Briggs logarithms) and divide the logarithm so found arith- 
os aid by 0.43430, which is the logarithm of e (2.7183) to the base 
24, @s 


Logio 2.28 = 0.35793 


Log ¢ 2.28 = 0.35793 + 0.43480 = 0.824 


Thus by knowing the B.t.u. transmitted per sq.- ft. 
per degree difference per hour of two or more condensers 
or the same condenser at different times, their relative 
heat transmitting abilities can be compared, even though 
the temperature ranges vary considerably. 

In order that this comparison may be made, the ac- 
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companying forms have been prepared, the log sheet giv- 
ing, as in other tests considered, data necessarily col- 
lected at the time of test while the summary gives calcu- 
lated data. 







GENERATOR EFFICIENCY TESTS 





TESTING generators apart from the prime movers 
necessitates the making of what is practically a labora- 
tory test, and therefore data concerned therewith are 
outside the scope of our consideration at the present 
time. We shall therefore confine our attention to the 
data required in making the test of the generator as a 

part of a complete engine-generator or turbo-generator 
unit. 
4 Thus, generator efficiency, when the power input is 
known, is given by the formula: 
: Output watts 










Efficiency = 








Input horsepower < 746 

Input of the engine or turbine to the generator will 
: be the brake horsepower output, usually determined by 
3 taking the difference between the indicated horsepower 
t when running with a load and running light, or 
GENERATOR EFFICIENCY TEST LOG SHEET 
Description 

























Made by 







of generator 









volte AsCeo OF deCe phase 









seeeeee reese Correction 








Description 
















tmeter reading 










reading 


factor meter reading(2) 






« per min. 









horsepower 











These are suggested percentages; the actual percentage in each 
trial mist be determined from the data. 





(2) 
by getting the brake horsepower direct by means of a 
Prony or water brake. The test data needed to deter- 
mine brake horsepower in either case will be found in 
the record of the efficiency tests of engines and turbines 
and will not be repeated here. 


GENERATOR EFFICIENCY TEST COMPUTATION SHEET 


This item not used for d.c. gensrators 







































Descrip- Per Cent 

Item tion Results from! Rated Load 
1 Efficiency of Line 3 X Line 4 1020 100110 ete. 

d.c. gen- 

erator EROS OTRO kb ein! » SedNew Ses 
2 Efficiency of 

single- Line 3x Line 4 Line 5 

phase a.c. 

generator BET SEO Time. 06 HE tlaawiasve 0 Ke 
3 Efficiency of 

2-phase 2>Line 3xLine 4xLine 5 

a.c. gener- 

ator PHO LING ,  k 5b Oe! cab desolate 
4 Efficiency of 

3-phase Line’3x V3 Line 4xLine 5 

a.c. gener- 

ator EV Cos | a eee errr eee 





1Meter readings used in this column are to be gross readings 
corrected for meter error. 






Therefore, in making up the log sheet which we show 
herewith, we have assumed that the brake horsepower 
ean be determined in each case, thus giving us the input 
directly. 
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Output of the generator is tested at various percent- 
ages below and above the rated output, and the effi- 
ciencies obtained as a result are plotted to form an 
efficiency curve. Volt and ammeter readings (and power 
factor readings in the case of a.c. generators) are taken 
simultaneously. It must be understood that in using 
the formulas on the computation sheet the values to be 
substituted for the items which make up the formula 
for the efficiency at any per cent load must be those 
values obtained in the test for that particular per cent 
load. 

Motor Erriciency Trsts 


THE GENERAL idea behind a motor efficiency test is 
to plot an efficiency curve for various horsepower out- 
puts of the motor in order to compare it with the effi- 
ciency curve based on the maker’s guarantee. Therefore, 
knowing the rating of the motor at full load, as shown 
on the name plate, enough readings of input and output 
at nominal outputs above and below full load should 
be taken so that the efficiency curve can be properly 
plotted. 


MOTOR EFFICIENCY TEST LOG SHEET 








1 166 Wednwoen = 





2 Description of motor tested......eseeNPeosesesce 


ecccccccccccce Bele OF AeConesceeee ee cPNASCoree...ofeDeMecssersecevecs 











3 Tare of braké......ee0 lb, 








4 Length "r* of brake arm.....ee ft. 
A. Voltmeter Nosssr.ecccceoees Correction 
be —- AMWMOTET HOrsessscecsseccoes pe 
Cc. Power factor meter no.....- bad 
Description farsar te 4 (1 
. 0) 30 90] loo; 1 etc. 








Ss Applied voltage, volte. 





6 Line current, amperes 
7(2) 
8(3) 
9 Grose weight on brake 
10 





Line current, amperes 





Percent power factor 





















































Rev. per ain, 





(1) 


These are suggested percentages; the actua} percentuge in each trial 
must be determined exactly by dividing the output by the’ rated full 
load capacity. 

Thies item used only for 2 phase a.c. motors. 


(2) 


(3) Thie item not used for d.c. motors. 


Testing of d.c. motors involves the use of voltmeters 
and ammeters to determine the input, and a brake or 
absorption dynamometer, such as.is used for engine test- 
ing, to measure the output. In addition to the above, a 
power factor meter or wattmeter is used when testing 
a.c, motors. 

Since electrical power is measured in watts and the 
brake dynamometer gives readings in horsepower, it is 
necessary to convert watts into horsepower by dividing 
by 746, as 746 watts equal 1 horsepower. 

Efficiency of a d.c. motor is expressed by the equation: 
Output 23.1416 Xrnw_ volts X amperes 


Ef.—= 








Input 33,000 746 
in which values for the unknown terms in the equation 
are. obtained from brake readings to correspond with 
simultaneous readings of volt and ammeters. However, 
computations are simplified when a series of readings is 
wanted by considering part of the numerator as con- 
stant, since its value does not change during any par- 
, 2X 3.1416 Xr 


ticular test. Thus, is known as the brake 





33,000 















constant, ‘‘r’’ being the length of the brake arm. The 
computation sheet gives this constant the designation 
Item 1. Therefore the simplified formula is 

Item 1 K n X w X 746 





Efficiency = 
volts X amperes 

Values for lines 5 to 10, inclusive, shown on the log 
sheet, must be obtained for each of the loadings called 
for on the right-hand side of the form. As explained 
in the footnote, these are only suggested loadings at 
which readings are to be taken; frequently some can be 
omitted and the curve still be plotted with sufficient ac- 
curacy. For any one loading, then, it is necessary to 
take simultaneous voltmeter, ammeter, brake and speed 
reading, and in the case of a.c. motors, power factor 
meter readings. 

Computation of efficiencies for various types of 
motors. can readily be effected by using the condensed . 
formulas in the column headed ‘‘results from’’ on the 
computation-summary sheet. 

In using the formulas given on the computation 
sheet, it should be understood that the values to be sub- 
stituted for the various items which make up the formula 
must, for the efficiency at any per cent load, be those 
obtained during the test for the corresponding per cent 
load. For example, take the case of the single-phase a.c. 
motor, item 4. Here the efficiency is expressed as: 

Line 10 & Item1 X Item 2 X 746 





Eff. = 
Line 5 X Line 6 X Line 8 
For efficiency at 30 per cent load, the values to sub- 
stitute for line 5 will be the applied voltage at 30 per 
cent load; for line 6, the amperes in the line current at 
30 per cent load, and so on. 


MOTOR EFFICIENCY TEST COMPUTATION—SUMMARY 





SHEET 
Item Description 
2X 3.1416 x r 
1 Brake constant —————————_ 
33,000 
2x 3.1416 & Line 4 
33,000 
Results from? Per Rated 
2 Net weight Cent Load 
on brake 1020 100 110 
—"" Line 9 + Line 31 Oy ey yo 


Line 10xItem 1xItem 2746 





3 Efficiency of 











d.c. motor Sen OCD. Sc his} ew wate 
4 Efficiency of 

single- Line 10xIitem lyItem 2746 

phase a.c. 

motor Line 5 Line 6 Line 8... ..._—_.... .... 
5 Efficiency of Line 10xitem 1xItem 2746 

2-phase 

ac. motor Line 5x(Line 647) xLine 8 .... ...... 
6 Efficiency of Line 10xItem 1Item 2746 

3-phase 


a.c. motor Line 5x V3x<Line 6xXLine 8 


1 Whether the tare of the brake (Item 3) is to be added or sub- 
tracted to obtain the net weight depends on the arvangement of the 


weighing mechanism. 
2Meter readings used in this column are to be gross readings 


corrected for meter error. 


Air CoMpRESSOR TESTING 


IN ARRANGING forms on which’ to record compressor 
test data, it has been thought well to omit from con- 
sideration data pertaining to the measuring of the power 
input. These’ can readily be referred to in the case of 
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steam engines, turbines and motors by turning to the 
data already given. 

For our purposes we have assumed a reciprocating 
type of air compressor, and the air horsepower output 
is measured by the aid of indicator diagrams, just as in 
the case of the reciprocating steam engine. 

As a means of comparing the performances of various 
compressors or those of the same compressor at different 
times the efficiency of compression will be found most 
satisfactory, as it can be applied to practically all types 
of compressors with slight modifications. 

To show the derivation of the data in the forms, a 
brief explanation of the mathematical steps taken in 
the more important computations is given herewith. 

To compute the net work in foot-pounds per minute 
at the air end of reciprocating or rotary machines, mul- 
tiply the corrected volume of compressed air in cubic 
feet per minute (see next paragraph) discharged into 
the main delivery pipe, by the total pressure in pounds 
per square foot and by the hyperbolic logarithm of the 
ratio of the total pressure to the atmospheric pressure. 
All pressures must be converted to absolute pressures. 
Net air horsepower is then found by dividing the above 
product by 33,000. 

The corrected volume of compressed air is found by 
reducing the volume of compressed air delivered per 
minute as measured, to atmospheric temperature, by 
multiplying it by the proportion: 

460 +- T, 


460 + T, 
in which T, = temperature of air supplied to machine. 
T, temperature of air in delivery main. 
The capacity of the compressor is the volume in cubic 
feet of air measured as delivered per minute converted, 
for temperature and pressure, to free air. The pressure 


AIR COMPRESSOR TEST LOG SHEET 

on conpressor No... — ates i en 
Enter as 
Item 





Description 





1 | Description of Compressor 

Driven by 

Rati 

Dimensions 
Speed 

2 Tine [ez00] 6: Torco 


3 | Barometric pressure of 
atmosphere, in. of ner- 
cury 





“Total | Average | 














4 | Temperature of air 
supplied to compressor, 
_ | dogs F. 





& | Temperature of air in 
delivery main, deg. F. 








6 | Pressure of air in de- 
livery main, lb. per 
a. 





7 | Volume of compressed 
air delivered cu. ft. 





6 | Area of air cylinder 
indicator diagram sq. 
in. divided by length 
of card, Scale of 
spring 1b. 

9 | Speed. Rev. per min. | 









































correction is made by multiplying the volume of air at 
delivery, corrected to atmospheric temperature, by the 


2 
proportion —— in which P, is the atmospheric pressure 


1 
and P, the total pressure in the delivery main, both pres- 
sures being absolute. The correction to atmospheric tem- 
perature is explained in the preceding paragraph. 
Compressor capacity is frequently stated as the num- 
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20 
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AIR COMPRESSOR TEST, SUMMARY SHEET 


Item Description 

1 Compressor No........ Sa WIPRO aos casas sete 
BO AG PIINING 3S aia5 is clos aasldisisioia. + vcs Mawes eNOS siete aes 
3 Duration of test, hours and decimal parts (Test log, line 2)... 
4 Type and size of driving machinery 
ob EM MMNMEG UM MIADocolisis = 1 5c)815.4 $0.5 s/o 4atsic 64d acied so teseseieee 
5a Dia. air cylinder piston 
de ea a 
Re RRs ee CP ANEIIEY SAMBLON ITO 0566.5 10 o0ie 9 055 08s: 05 Sone sues 
SOE ABO AT CVENEOT FUMCON POO 5.55 o.oo 60's oc osc cnc esc accn cases 
5e Net effective area piston (a) See note below’. 

6f Stroke of air cylinder piston ft.............cecccccees (L) 
5g Air compressor constant for 1 Ib. m. e. p. and 1 working stroke 

per min. = 


Item 5e x Item 5f 





33,000 
6 Rated capacity in cu. ft. of air per min.............. eee eee 
WR APERs (GL) OL CONVOY IRM. 5a 0.0 0.0.0 6600003 sees cccesseiens 
7b Cross sectional area delivery main..............2+-6- sq. ft. 
Average Pressures and Temperatures 
Results 
Item Description from Data 
8 Av. barometric pressure of at- Test log, 
THOBPNOTS 6 i..00.000006 do ieaimaie line 3 ..in, mereury 
9 Av. temp. of air supplied to Test log, 
CUMMPLOMNOL s losieioscisen ess Te ne rr deg. F 
10 Av. temp. of air in delivery Test log, 
NIMIILG aie(ais eisigis'e cfs cieisivis'e'e.e'o line 5 esene deg. F. 
11 Av. gage press. of air in de- Test log, Ib. per 
livery main?.............. Hine? 6 lk skied sq. in. 
Total and Hourly Quantities 
Results 
Item Description from Data 
12 Total volume of compressed Test log, 
air delivered as measured... BMG Fs aicin' sits cu. ft. 
13 Total volume of compressed 
air delivered per hour as Item 12 ~ 
URS ree eee 11 a ee cu. ft. 
14 Total absolute pressure in de- (Item 11 + 
livery main, per sq. ft...... PET) HC ESS os cictccins Ib. 
Indicator Diagrams, Speed and Power 
Results Data 
from 
15 Mean effective pressure, air Test log, line 
i ee ae 8 xX scale 
Gl STINE -«  . kiiwcwwees Ib. 
16 Revolutions per minute...... Test log, 
line 9 r.p.m 
17 Indicated horsepower steam From engine 
PROMO? 650 o0 se wisn oasis i eras i. hp. 
18 Gross indicated horsepower Item 15 x 
GIP CPUS E 65 o5.6-66:5-6:0;0:68 working 
strokes 
per min. 
SOOME OR? = ose esac i. hp. 
19 Corrected volume of com- 
pressed air per min., at at- 
mospheric temperatures.... Item 23 ~~ ........ cu. ft. 
20 Ratio of total pressure (in (Item 11 + 
delivery pipe) to atmos- 14.7) —- —~ 
pherie pressure [all pres- (Item 8 X 
sures absolute]............ PBT AT” wiles eee p ei0e eer 
21 Net air horsepower.......... Item 19 X 
Item 14 x 
Hyperbolic 
log Item 20 
SS 2 hp. 
Capacity and Economy Results 
Results 
Item Description from Data 
22 Compressed air delivered per 
min. as measured.......... Item 13+-60 ....... cu. ft. 


Item 13 ~—.60 





1 Net effective area for each side of piston equals area of piston 
when rod does not extend through cylinder head on the face in 
question, but is equal to the difference between the areas of the 
piston and the rod when the latter extends through the head. 

2 Additional data should be given in the case of compressors hav- 
ing more than one stage; this would include data with respect to 
temperatures and pressures in the different stages, the quantity of 
water used for cooling and temperatures of air and water entering 
and leaving the intercooler. 

8In the case of rotary compressors this will be the brake horse- 
power consumed, measured by a dynamometer. 
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23 Compressed air per min. re- Item 22 x 


duced to atmospheric tem- (460 + Item 
ORRIN s 058 6. 5'e's be 6 so: 65:0 9) + (460 
+Item10) ....... cu. ft. 
24 Compressed air per min. re- 
duced to atmospheric tem- 
perature and pressure (free Item 23 x 
SO ie ic eneiadavaniccscun De errs, cu. ft. 
25 Dry steam consumed per net Steam per 
SPT les seis as Sa clos boss hour from 
test data 
| errr ee Ib. 
26 Heat units consumed per net Item 25 x to- 
Git pe ssc cicc cscs neces tal heat of 
steam less 
heat in 
water at 
exh. temp. ........Btm 
Compression and Mechanical Efficiency 
27 Efficiency of compression.... Item 21100 
; Item 18 ..... per cent 
28 Mechanical efficiency of air Item 18100 
compressing unit .......... <Item 17 ..... per cent 
Work Done Per Heat Unit 
1,980,000 + 
29 Net work per B.t.u.......... Hem-2@  secead ft.-Ib. 
Sample Diagrams 
30 Sample indicator diagrams 
EMT GMD OMEINUOET 3. oo a.cc, bad udinns ehuceec saakmeauemuan 


ber of cubic feet of compressed air delivered per minute: 
at a given pressure (above atmospheric) reduced to 
atmospheric temperature. 

The gross air horsepower output or measure of the 
work done by the air end of a reciprocating compressor 
is found in a manner identical with that of the recipro- 
cating steam engine, by multiplying together the net 
area of the air piston in square inches, the mean effective 
air pressure in pounds per square inch (as determined 
from indicator diagram) the length of stroke in feet 
and the number of working strokes per minute, and 


dividing this product by 33,000. 


Efficiency of compression in a reciprocating machine 
is determined by first computing the net work at the 
air end, as described in a previous paragraph, and divid- 
ing this result by the gross air horsepower. 

The mechanical efficiency of a reciprocating air com- 
pressing unit is determined by dividing the gross air 
horsepower at the air end by the indicated horsepower 
at the steam end, or, in case the compressor is not driven 
in this manner, by the horsepower of the driving 
medium, determined by a dynamometer or computed 
from test data. 


BLUEPRINTS are always getting dirty, wet, greasy 
or torn while being handled by workmen using them. 

An inventive genius has designed a very practical 
blueprint protector of simple construction and low cost. 

A sheet of transparent sheeting—the same material 
used for lights in auto curtains—is cut to desired size. 
A piece of light-weight leather substitute is then cut 
about a half inch larger all around than the piece of 
sheeting. This extra half inch allows for a lap-over on 
all but the top side of the protector. A sewing machine 
stitches the lap down to the sheeting, forming a large 
flat pocket, open at the top for the insertion of the 
blueprints. 

Both the transparent front and the coated fabric 
back are water-proof and grease-proof. Dirt or grease: 
may easily be wiped or washed off either without injury. 
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Planning Operating Log Sheets 


MetHop OvuTLINED; Forms DEVELOPED ; 
IrEmMs CLASSIFIED AS TO IMPORTANCE 


HEREVER a commodity changes hands or is 

handled mechanically, wherever a physical, chem- 

ical or energy change takes place, there is a chance 
for a loss and each transaction or change should be 
studied in detail to determine what items, if any, affect- 
ing the change should be kept for comparison. If any 
variation likely to occur affects the overall cost an appre- 
ciable amount or endangers the safety of the plant, that 
item should by all means be made a part of the daily. 
record. 

In planning a log sheet which will enable the engineer 
to study operating conditions with the object of reduc- 
ing costs, two angles of attack may be employed, and 
the overlapping data eliminated. First list all equip- 
ment of the plant, study the work of each equipment 
and make note of all variable conditions which affect 
this operation. From this list determine what instru- 
ments are needed and what data can be used to advan- 
tage for comparison at various times. 


TABLE OF HEAT LOSSES IN STEAM PLANT 


Heat losses between furnace and power shaft 96.6% 

Boiler 354 
Ashpit 
Radiation 
Gases 


vn 
Ow 


Steam main to engine 
Radiation 
B, F. pumps 
Cond. pumps 
Hot well pumps 


~Vaw 


Engine 
Radiation 
Friction 
Exhaust steam 4 


orr 


Generator 
Switchboard 
Transformer 
Motor 
Shafting 
Friction Oo. 
Belting Cc 


KrOO0O 
ee 
COW» 


Next trace the fuel, water, supplies, ete., that is, all 
items which go to make up variable charges from the 
time of purchase or entrance into the plant, through the 
various changes to the ultimate product, use or rejec- 


tion from the plant. All along the line, notes should be 
taken of conditions which affect results. Notes should be 
made of the instruments needed and data which can be 
used to advantage for comparison. 

Having gone thus far with the problem, it will be 
found advisable to eliminate many of the items from the 
daily log which are of interest but entail more clerical 
work than is at the disposal of the plant force and varia- 
tions during ordinary operation which are not suffi- 
cient to change appreciably the overall results. Such 


conditions can be made the subject of special tests at 
sufficiently frequent intervals to maintain the plant in 
first rate condition. 

To get a line on what part of the plant needs most 
attention from the standpoint of keeping records, it is 


well to make a general analysis of the heat losses that 
A 


oceur from the coal pile to the driven machine. 





study of this list of losses points directly to the machine 
or equipment where likelihood of greatest saving is pos- 
sible and at these places the most complete records should 
































































be kept. 
Equipwent Kind Operating Data Arranged in the Order 
zs of their Importance 
Ccal and Ash Bucket 1.Power Consumed | 3.Coal Handled |5.Time Started 
2.Labor Euployed | 4.Ash Handled 6.Time Stopped 
3 Boilers Water 1.Pressure 6.Feed Water 11.Water level 
Tube 2.Superheat Temp. 12.Steam flow 
3.Safety Valve 7.Hre.in opera- |13.Boiler water 
ned tion ested 
4.Feed Water per | 8.Timze blown 
hr. do#mneanount 
5.Lo.eteam each | 9.Tubes dueted 
Boiler pr.Hr. [10.Feed water 
fl 
3 Furnaces Chain 1.Coal per br. 5.Kind coal 9.Stoker speed 
Grate 2.CO,; 6. Smoke Temp. 10,Air temp. 
3.Gas Temp. 7.Aeh made 11.Sarometric presa. 
4.Purnace & Diff.| 8.Depth cf fuel 
Draft bed 
2 Btoker Upright 1,Time start 4.Seam press, 
Engines 2.Tine stop at throttle 
3. Speed 5. ibp. 
1 Feed Water Open 1.Total water 4.Exh. steam 
Heater heated press 
2.Temp. inlet 5.Steam texp. 
3.Temp. outlet 6.Water flow 
: fr 
2 Boiler Feed Duplex 1,8tart 3.Strokes 
Pumps Plunger 2.Stop 4.Water press. 
2 Vacuum Simplex 1,.8tart 4.Vacuum 7.Amount return 
Pumps 2.8top 5.Outdoor Temp. wator 
3.8trokes 6.Return Water 
1 Fire Pump Under- 1, Timetested 2.Presa.Record 
writers 
2 Compressore Ammonia 1.Start 3.8uction Presd.6.Temp, Suction 
2-Stop 4.4ead Press, 6.Temp.Diecharge 
3 Motors D.C. 1,8tart 3.Kw. Hr 4.Half hourly 
drive 2.Stop Acps. 
Ammonia 
Comp. 
3 Engines Non Re- 1.8tart 3.8team press. 5.Indicated hp- 
leasing 2.Stop 4.Exh. press, 
Corliss 
| 3 Generators D.C. 1.Start $.Kw.Hr. Day 5.Amps. } hr. 
! 2.8top 4.Volte $ br. 
| 3 balancing Rotating 1.Start 3.Volts + side |5.Amp. + side 
| sete 2.S8top 4.Volts = side |6.Amp. - side 
1 Switch- 3 wire 1.Departments on| 3.Rw.br each /|4.Total 
board 2.Departments off 4% hr. 
2 Sewage Automat- 1.Operation In 3.Mumber of 4.Sewage ejected 
Ejectors ic Com 2.Operation Out Dumps 
pressor 
Air 
2 Compressors Air Auto 1.Start 3.Number of 5. Temp.Cooling 
matic 2.Stop Starte Water 
Starter 4.Air Press. 
2 Motors D. Cc. 1.Start @kwehr. per 4.hr. Ka. br. 
drive 2.S8top day 
air com 
pressors 
1 Sump Puazp Cent. 1.Start 
Turbo 2.8top 


drive 








2 Filters Prese. 1,.Ueed 2.Hot Used 3.Water Filtered 









































2 Houss 1.8tart 3.Preea.$ hr. (6.Water Pumped 
Pumps Triplex 2.S8top 4.Revolutions 
Motor 
drive 
2 Motors D.C. 1.Start 2.S8top j5.Kw.hr.day or 
Drive $ hr. 
House 
Pump 
Heating 1.Back Press. 5.Inside Temp. 6.Humidity inside 
Syste Exhaust 2.Return Press, 6.Wind direction9.Rarometric reading 
Steam 3.Live steam on. |& velocity 
with 4.Outeside Temp. 7.Humidity out- 
Live side 
Steam 
Aux. 
10 Elevators Electric 1.Running time 4.Passengers up | 5.Passengers down 
2.Kw.hr.per day $ hr. ° 
3.No. of trips 6.Time per trip 
1 Elevator Eydraul- 1.Running Time 2.No. of Tripe 
ic 
19 Fans Motor 1.8tart 3.Ke. br. 4.Air press. 
drive 2.Stop 





Fig. 1. TABULATION OF POWER PLANT MACHINERY IN 
MODERN OFFICE BUILDING AND ITEMS FOR RECORD 
IN THE ORDER OF THEIR IMPORTANCE 


Having decided upon what data should be kept, the 
next step is to arrange the items in a logical, easily kept 
form to be filled in as the work proceeds during the day. 
In some plants, the keeping of several record forms is 
advisable; in others, one form can be designed to suit 
the needs. For the engine ~. charge of a plant, the 
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operating record is the most important, as it enables 
him by comparison to determine what condition under 
his control to maintain in order to secure the highest 
efficiency and lowest unit cost under the existing load 
and weather conditions outside of his control. 

In a daily log sheet will naturally be included many 
items which have to do with costs; others indicate effi- 
ciencies or needs for improvement in equipment; but 
in planning this log sheet, it is necessary to keep in mind 
that the main object is to find the operating conditions 
which will give the best results. 

To illustrate the methods outlined above in a specific 
case, a modern office building of medium size has been 
selected. This plant contains a sufficient variety of 
equipment to make the problem applicable to most steam 
power plants by simply substituting detailed descrip- 
tions, eliminating items not applicable to the particular 
plant and adding items for such equipment as may not 
be contained in this plant. 

In the accompanying tabulation headed ‘‘Plant 
Equipment’’ is given the name of the equipment, the 
kind and the items which should be made part of the 
operating record. Taking up this equipment item by 
item, the relative importance of the record data will be 
pointed out. 


CoNVEYING EQuIPMENT 


WE Finp in this plant that the coal and ash conveying 
equipment is of the bucket type, and that the driving 
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basis, it is necessary for us to know the amount in pounds 
or tons of coal and ash handled. Knowing these, we can 
readily calculate the cost per ton of handling coal or 
ashes. These four items, therefore, are of primary im- 
portance: Namely, the amount of power consumed 
by the motor, which can be measured by wattmeter and 
which is read once a day; labor to operate the equipment 
should be noted by the man in charge at the time the 
conveyor is in operation; the amount of coal will be 


aes IF. MJ] \\Totale or}. 
| | 


Fig. 3. LOG FOR GENERAL DATA 


identical to that received at the plant during the day 
of which a record must be kept; and the amount of ash 
should be measured or weighed as it leaves the plant. 

In an adequate record, therefore, these four items 
covering the coal and ash conveying equipment are 
necessary, and these readings need be recorded but once 
a day. If, however, further information is desired re- 
garding the conveying equipment, it would be well to 
inélude the time for starting and the time of stopping. 
These items will give the engineer a check on his program 





Coal 


Water 





Purchasing Treating Heating 





PURCHASING HANDLING BURNING 





Cost of Treatment 
Analysis after 


Amount Used 
Steam Used-Amount 


Amount Me 





Weight ~ 
Time required 
Men required “Gi 
Power required ~ 


Weight ~ Air Used 7 
Cost Temperature 
Humidity ~ 
Barometric “ 
pressure 


Oe i fet fate per hry” 


Analysis 





Pressure 
Temperature: 
inlet o— 
condensate 


Analysis treatment Temperatu 
initial 


final 





Amount Cases Used-Ancunt 





~ Results 


Temperature | Temperature 
initial inlet 





Heat Asb 


final out let 











Flue Gas 
Temperature of | COg~~ Weight ~ 
Furnace co 


Uptake 0 


Stack u 
Snoke ~~ 


Quality 
Duration 

















Percent of com 


Steam Generation 





Weight water’ Meight Steam tor] 
to ooiler per “anes per hr. L 
hr. eight lost bye] 
Weight and tem safety valve Pg 
perature lost Steam pressure 

at blowoff / (Steam terreratufe 








Steam 





Amount used by Influencing conditions 





Main Engines or Turbines Time of operation 


0il, Waste and Supplies 

















Water density Steam Quality 





B 


Repaire and Renewals 





What equipment 
Nature of work 





Power delivered hourlyv] Purchasing 


Time and labor required . 


Using 
Cost including labor 





Time in operation” 


Auxiliary apparatus 
Hourly results Amount Cost 


Purchased 





Py ~ 
Building heating system Hourly requirements “pain 








By Whom Used 
On What Used 
When Used 


Machinery shut down 
Time of shut down 








Power Plant Labor 





Industrial heating system | Hourly requirerents~ 


Lost by radiation of Condensate returns 


pipe system 











joun 
Temperature 











Name Employee | Position Time on duty Daily Wage 






































FIG. 2. OUTLINE OF PROCESSES THROUGH PLANT 


power is a motor. The sole object of installing such 


equipment is to cut down the cost of handling coal and . 


ash. If the equipment fails to perform this service more 
cheaply than it could be done by manual labor, it will 
readily be recognized that the equipment is a failure. 
It is, therefore, of first importance to know the amount 
of power consumed and the labor employed to operate 
the machinery. From these two items we are able to 
determine the cost of operating the equipment per day 
when from other records we have obtained the cost of 
power and labor. Now, to get this cost down to a unit 


of operation, which should be so arranged as to give the 
most even load on the plant. 


Borers AND FURNACES 


IN THE tabulation we have listed three water tube 
boilers, which are equipped with three chain grate 
stokers. The boiler and furnace may be considered as a 
unit, but they are here taken up separately in order that 
detailed analysis of the work done by each may be con- 
sidered. First of all, the fireman is required to maintain 
an even pressure, so that a record of this is of first im- 














portance, and as the pressure is likely to vary con- 
siderably, readings should be taken at least every hour. 
In many plants, a recording steam pressure gage will be 
used to show these variations, and from this the average 
of the day may be calculated and the average recorded 
on the daily log sheet. Along with this item is the 
amount of superheat which, of course, is calculated by 
subtracting the temperature of saturated steam of the 
given pressure from that of the steam as delivered. If 
desirable, the record of steam temperature only may be 
made and the calculation of superheat may be made 
later when the final calculation of the log sheet is made. 

The next item of importance has to do with the safety 
of the boiler and this should be made a matter of record; 


Parte re- 
newed or 





FIG. 4. LOG SHEETS FOR OIL, WASTE AND SUPPLIES, REPAIRS 
AND RENEWALS, AND LABOR 


namely, the time of the safety valve opening. In many 
plants, it is customary to test the safety valve at least 
once a day, either by bringing the steam pressure up to 
the popping off pressure or by opening the valve by 
means of the lever. This point should not be overlooked, 
for in cases of accident considerable controversy always 
hinges around the reliability of the safety valve. 

The item of next importance having to do with the 
boilers is the weight of feed water delivered to the 
battery per hour. This item may be read from a feed 
water meter and would give a close account of what the 
plant is doing at various times throughout the day. In 
conjunction with the amount of feed water being fed, it 
is convenient to know the amount of steam being deliv- 


Time of day . ° 2 Average 


Boiler No. 
Kind of Coal 


Coal Burned 
por eq.ft. 
Grate 

| surface 





FIG. 5. LOG SHEET FOR BOILERS AND FURNACES 


ered from each boiler during each hour of the day. Close 
attention to these two items will show how the load is 
being distributed among the boilers, also how nearly 
each boiler is working to its point of maximum efficiency. 
For taking these readings a flow meter is used, the most 
convenient type being one which will give a graphic 
record of the amount of steam being delivered and inte- 
grating the amount of steam which has been delivered 
over a given period. 

Much depends upon the temperature of the water 
fed to the boiler, both from the standpoint of safety 
and efficiency. As a rough estimate, for each 11 deg. the 
feed water is raised in temperature by the waste heat 
of a plant, the amount of fuel required to generate the 
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steam is reduced 1 per cent. It is advisable therefore, 
to have in the log sheet space for recording the tempera- 
ture of the feed water at intervals ranging from 1% to 2 
hr., depending upon the convenience with which the 
readings can be taken. 

The program of operation of the boilers should not 
be omitted from the log sheet, as in many cases the plant 
can be run much more economically by simply changing 
the program of operation, so that the load upon the 
boilers is kept near the maximum point of efficiency. 
Comparison between the hours in operation and the 
steam generated by each boiler per hour will readily 
show whether or not the boilers which are generating 
steam are running above or below their normal rate of 
capacity. This item then will give the engineer data 
from which he can work out his schedule of operation, 
and see that his directions are being carried out. 

The time of blowing down a boiler depends pretty 
largely upon the load curve of the plant and the quality 
of the water being used in the boiler. The steaming 
qualities of the boiler are improved by blowing down, 
also the likelihood of priming is reduced, so it is well to 
have a record of this in our daily sheet. Not only should 
the time of blowing down be recorded, but also the 
amount, that is the number of gages the water level is 
reduced. If the operator is required to make a record of 
this amount, there is less likelihood of his going off and 
leaving the boiler blowoff valve open than when no record 


is kept. 





FIG. 6. LOG SHEET FOR FEEDWATER HEATER 


Soot will collect on the gas side of the heating surface 
very rapidly and to maintain the highest rate of evapora- 
tion the tubes should be dusted quite frequently, de- 
pending of course on the kind of coal being burned and 
the efficiency of the furnace. The effect of dusting the 
tubes can readily be seen when a flue gas thermometer 
of the recording type is installed. To make sure that the 
instructions in regard to soot blowing are carried out, 
this item should be made a part of the daily record. 

Among the items which will aid the engineer in 
maintaining highest efficiency when all other points have 
been taken care of as far as possible are a continuous 
record of the feed water flow into each boiler, continuous 
record of steam flow from the boiler and an item show- 
ing the quality of the boiler water tested which in 
some plants is used as a guide to when boilers should be 
blown down. 

Taking up the items which affect the operation of the 
furnace, that which should receive first consideration is 
the amount of coal burned. This should rightfully be 
recorded hourly with a summation at the end of the day. 
Such frequent readings may not be convenient, as all 
plants are not equipped with weighing apparatus, so that 
in this case the total amount for the day would be re- 
corded on the log sheet. 

The item of next importance is the amount of CO, 
in the flue gases. This indication is the most convenient 
and accurate which is available for determining the effi- 
ciency of combustion, and if possible the reading should 
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be taken by a recording type of instrument, but if this is 
not practicable, samples could be gathered during the 
day and the average be determined by means of a hand 
sampling apparatus. 

The next item of importance is the item of flue gas 
temperature, which is an indication of the heat absorb- 
ing ability of the boiler. With scale accumulation on the 
inside of the heating surface and soot on the outside, 
there is a gradual increase in the flue gas temperature 
between the times of cleaning the inside of the boiler and 
the soot blowing on the gas side of the heating surface. 
By noting the gas temperature, therefore, the engineer 
can readily determine how frequently the boiler should 
be cleaned or dusted. 

In case the plant is not equipped with CO, recording 
machine the most convenient guide for the fireman is 
a set of draft gages indicating the draft in the furnace, 
and the differential draft between furnace and the stack. 
While the information gained by these gages is of more 
direct use to the fireman than to the engineer in charge, 
it is well to make these readings a part of the daily 
records, being noted on the log sheet at frequent in- 
tervals. 

The-operation of a furnace is so dependent upon the 
kind of coal being burned that this item should be in- 
cluded as part of the daily record. For example, coal 
of different sizes requires different draft pressures so 
that the engineer must be able to give instructions to 
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FIG. 7. LOG SHEET FOR PUMPS 


the fireman as to the amount of draft to be maintained 
in the furnace for different kinds of coal; also, with coal 
having different percentages of volatile matter or ash of 
different fusing temperatures, the draft and rate of com- 
bustion must be varied accordingly. 

Many of the American cities have smoke prohibition 
ordinances and as a matter of protection against unjust 
prosecution, smoke recording and indicating devices have 
their place in the power plant. If possible, a record 
should be kept of the duration and the quality of smoke, 
which evidence would have considerable weight in court. 

The pounds of ash made during the day should be 
checked against the amount of coal burned, and the 
amount of ash shown by the coal analysis. By means of 
these items, we are able to tell the efficiency of the grate 
for the kind of coal being burned without necessity of 
making an analysis of the ash to find out how much 
combustible there may be in it. This, however, should 
be done occasionally in order to see that the method of 
checking is sufficiently accurate. 

In this type of stoker, the method of regulating 
the rate of combustion is by varying either the depth of 
the fuel bed or the speed of the stoker. Therefore, 
in a study of the proper furnace conditions for different 
kinds of coal and the draft conditions, it is well to make 
note of the depth of the fuel bed and stoker speed at 
regular intervals during the day. It is also an advan- 
tage to know the temperature of the air entering the 
furnace, as this must all be raised to the temperature of 
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the flue gases and the losses due to this cause are in pro- 
portion to the difference in temperature between that of 
the air at inlet and the flue gases. A study of the phys- 
ical arrangement of the plant will sometimes suggest 
a means of utilizing the waste heat from other parts of 
the plant for increasing the temperature of the air en- 
tering the furnace which would prove to be an econom- 
ical arrangement. 

When depending upon natural draft for furnish- 
ing air to the furnaces, the operation of the furnace is 
affected greatly by the barometric pressure of the at- 





LOG SHEET FOR COMPRESSORS 


Fig. 8. 


mosphere. In order, therefore, that the proper combus- 
tion may be secured in the furnace, the engineer will 
do well to make a study of the barometric pressure and 
the draft for different kinds of coal, various load condi- 
tions and rates of combustion. If the barometric pres- 
sure is recorded on the daily log sheet, together with the 
other items mentioned above, necessary for making these 
comparisons, he can give more intelligent instruction to 
his fireman as to the proper draft to carry under the 
existing conditions. 
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FIG. 9. THREE FORMS OF LOG SHEETS FOR ENGINES AND 
GENERATORS 


In this plant, the stokers are driven by two upright 
steam engines, either one of which is of sufficient capac- 
ity to operate all three of the furnaces. The speed of these 
engines is under the automatic control of the steam pres- 
sure, so that the principal items to be recorded on the 
log sheet are the time of starting and stopping each 
engine. This gives a check on the firemen to see that 
they are following out the instruction of the engineer 
as to which engine is to be used. 

The next item of importance is that of the speed of 
the engine, which taken together with the pressure of 

















steam at the throttle will give a check on the operation 
of the automatic mechanism which controls the speed of 
the furnace. This investigation, however, as well as the 
indicated horsepower of the engine, may be made the 
subject of a special test which should be made at reg- 
ular intervals, and need not be recorded on the daily 
log sheet. It is desirable to know how much power is 
being used in the operation of the stokers and also that 
the speed is being maintained for the load which is being 
carried, but an investigation can be made as mentioned 
above. 


Freep Water HEATER AND PuMPS 


THE BOILER feed water is heated in an open type of 
feed water heater. Here the principal items which 
should be recorded are the total amount of water heated, 
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FIG. 10. LOG SHEET FOR BALANCING SETS AND SWITCHBOARD 


which should be identical to that fed to the boilers. Next 
comes the temperature of the water as it enters the heater 
and as it leaves it, which gives a check on the efficiency 
of the heater. The pressure of the exhaust steam as it 
enters the heater is also of importance, as from this 
iter we are able to tell whether or not the back pressure 
valve is operating correctly, and by reference to the steam 
tables we can find the steam temperature or this may be 
read direct from a thermometer placed in the inlet. 

In the plant are two duplex plunger type boiler feed 
pumps. The items of principal importance having to do 
with the operation of these are the times of starting 
and stopping, also as a check on the operation it is well 
to record the number of strokes made per day. This 
checked against the feed water heater will show whether 
or not the pumps are leaking excessively or the slip is 
unreasonable. Where boiler feed-water regulators are 
installed, it is necessary to employ a pump governor so 
that the discharge pressure from the pump will not be 
excessive. In such eases, it is well to record at frequent 
intervals the water pressure in the discharge pipe of the 
pump as a check against the operation of the pump 
governor. 

In the heating system two vacuum pumps of the sim- 
plex type are installed, and the principal items to be 
recorded here are as above, the times of starting and 
stopping and the number of strokes made during the 
day. It is also important to know the vacuum main- 
tained in the suction line, as upon this to a great extent 
depends the efficiency of the heating system. These 
last two items could be checked against the outdoor tem- 
perature and the temperature of the return water, both 
of which can be read at frequent intervals from ther- 
mometers placed in the proper location. 

As considerable controversy exists as to the proper 
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division of costs between the electric and heating loads 
of a plant, it is of value to know the amount of return 
water from the heating system. This, of course, may be 
estimated by the number of strokes made by the pump, 
but the better method is to measure the return water 
by means of a meter. By this method we have a means 
of checking the leakage and slip of the vacuum pumps. 


Fire Pumps 


As A MATTER of safety, it is necessary to keep the 
fire. pump in perfect working order, and maintain the 
pressure of the sprinkling system up to the proper point 
at all times. It is important, therefore, that in the daily 
log sheet we keep a record of the time when the pump 
is tested to see that it will work up to the full capac- 
ity when pressure is reduced on the sprinkling water 
system. As a matter of precaution, it is well to have on 
this sprinkling system a recording pressure gage which 
will keep a continuous record of the pressure on the 
system. With this record at hand, any controversy with 
the insurance company as to the reliability of the pump 
ean readily be settled. 


AMMONIA COMPRESSORS 


THE TWO ammonia compressors installed in this plant 
are used for cooling the drinking water; so in order 
to keep a line on the operation of the system, it is 
necessary to keep a record of the time of starting and 
stopping the  »mpressors, also the suction and head 
pressures, which, together with the temperature of the 
suction and discharge gases, will give a good line on the 
operation of the compressors. As the compressors are 
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FIG. 11. LOG SHEET FOR AUXILIARIES 


driven by motors, direct connected to them, the unit 
may be taken as a whole; but we have divided it in the 
tabulation in order that the items may be more clearly 
pointed out, so in the daily log sheet the time of starting 
and stopping the motors will be the same as that for the 
compressors, therefore no separate items are necessary. 
The power consumed per day, however, is of considerable 
importance and should be read once a day from the 
meters on each circuit to the motors. To note how the 
load is distributed throughout the day, hourly readings 
should be taken of the amperes in the circuits to the 
motors. 


ENGINES AND GENERATORS 


THE PRINCIPAL engines of the plant are of the non- 
releasing Corliss valve type. With them the items of 
principal importance from an operating standpoint 
are the time of starting and stopping each engine, also 
the steam and exhaust pressures, which are probably 
recorded in some other part of the plant; although, for 
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best operation, gages should be placed close to the en- 
gines for the observation of the operator. In the opera- 
tion of the engines, it would not be at all out of place 
to take a set of indicator diagrams at least once a day 
from each engine, and from this calculate the indicated 
horsepower. This would, of course, entail extra work; 
but an examination of the card will indicate almost im- 
mediately any changes in the adjustment of the valve or 
other conditions which might affect the efficient working 
of the engine. 

In regard to the generators which are directly con- 
nected to the engines, it is not necessary to make a 
separate record of the time of starting and stopping; 
but it is important that a record be kept of the power 
generated during the day by each generator. It is also 
well to record at least every half hour the voltage and 
current delivered by each machine, and in the case of 
alternating current generators, the power factor or kilo- 
watts delivered should be made a part of the daily record 
with readings taken not more than one-half hour apart. 
The most convenient instrument for doing this work is 
one of the graphic recording type which would not fail 
to show all the variations during the day. 


ELECTRICAL DATA 


THE PLANT in question having the three-wire system 
of electric current distribution two balancing sets of the 
rotating type are installed, so that the time of starting 


FIG. 12. LOG SHEET FOR HEATING SYSTEM 
and stopping should be recorded on the log sheet, also 
the voltages and amperes on the positive and negative 
sides. To be of great value the latter readings should 
be taken at least every half hour or as stated above the 
recording type of instrument is much preferred. 

Practically all the electrical instruments in the plant 
are mounted on the switchboard, and as those already 
mentioned in connection with the generators and the 
balancing sets are among them, they wil not be con- 
sidered further. It is necessary, however, that a check 
be kept on the amount of power being delivered to the 
switchboard, which is the sum of that generated by the 
generating units. It is also important that a record 
be kept as to when the power is turned on or off from 
the different departments, and for each circuit a record 
of the power used should be kept. This may be read 
from a wattmeter every half hour so as to give a load 
curve for the department, or if the load is of a constant 
nature, it may be totaled for the day from the readings 
of the watthour meter. 


SewaceE DIsposaL 


IN THE plant are two sewage ejectors automatically 
operated by compressed air. It is important to know 
when these ejectors are in operation, and this should be 
made a matter of record on the daily log sheet. For 
comparative purposes also of sewage ejected and the 
number of occupants in the building it is desirable to 
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know the number of dumps, also the amount of sewage 
ejected during the day. 

For operating the ejectors, two air compressors are 
employed, which are equipped with automatic starters 
to maintain the proper air pressure at delivery. The 
time of putting these in operation as well as taking them 
out of service should be part of the daily record. It is 
also important to know the number of starts which each 
machine makes, as considerably more power is used in 
starting the compressor than when it is kept in operation, 
so this information can be used to advantage in giving 
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FIG. 13. LOG SHEET FOR ELEVATORS 


directions as to the program of operation. It is also im- 
portant to know that the air compressor is kept up to 
the standard, therefore this should be made part of the 
record. As the efficiency of the compressor depends 
somewhat on the temperature of the cooling water in 
the jacket of the compressor cylinder, this item will be of 
use to the engineer in maintaining the desirable con- 
ditions. 

The motors for driving- the compressor are directly 
connected so that the time of starting and stopping these 
will be taken care of in connection with the compressors 
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FIG. 14. COMPLETE FORM OF LOG SHEET DESIGNED TO 
RECORD ONLY ABSOLUTELY ESSENTIAL DATA 


on the log sheet. It is important to know the amount of 
power used during the day for compressing the air; also, 
in order that the distribution of the air during the day 
may be known, hourly readings of the kilowatt hour 
meter on each machine should be taken. : 
For daily operating record purposes, about the only 
item needed or necessary in regard to the centrifugal 
turbine-driven pump are the times of starting and stop- 
ping. This pump is used only in case the automatic 
ejectors are not able to take care of the sewage as 
rapidly as it accumulates, and as the load is practically 
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constant during the time of operation the power con- 
sumed may be made a subject for test at regular inter- 
vals, so that the power or steam required may be summed 
up at the end of the day or month. 


Fitters AND House Pumps 
Two FiuTers of the pressure type are used for puri- 
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fying the drinking water, and as these require frequent 
cleaning, it is desirable to know when they are in use 
and when not. Also, as a guide in directing the plant, it 
is desirable to know the amount of water filtered by each 
filter during the day, which may be read directly from 
the water meters. 

The house pumps are of the triplex motor driven type, 
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and the time of starting and stopping these should be 
made a part of the daily record. It is important that 
the pressure in the system of the supply tank be kept 
up to standard, so that this item should appear in the 
records with readings taken at half hourly intervals, or 
better still a recording pressure gage should be provided. 


time of starting and stopping. It is most important, 
however, that the power consumed by the motors during 
the day should be included in the record. Better still, 
half hourly records would give the engineer a better idea 


-as to the amount of water being consumed during the 


different times of the day. 
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Fig. 15a. COMPLETE LOG FORM FOR ENGINE ROOM PERMIT-TING COMPARISON BETWEEN WATCHES AND OTHER 
DETAILS OF OPERATION 


The revolutions made by the pump checked against the 
amount of water pumped as indicated by the meter 
during the day will give an indication as to the vol- 
umetric efficiency of the pump, which is valuable from an 
operating standpoint. 

The motors for driving these are directly connected 
to them, so that no separate item need be kept of their 


Heating SYSTEM 


In TuHIs plant, the heating system is of the exhaust 
steam type with live steam used as auxiliary. In order 
that the proper conditions may be maintained, a record 
of the back pressure maintained in the heating radia- 
tors, also the pressure in the return pipe to the pump, 
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should be recorded. Also, when it is necessary to turn 
on live steam to maintain the proper temperature in the 
building, a different division of the cost between the 
power and heating service must be made. It is therefore 
important that we have a record of the number of hours 
that live steam is used in the heating system, as the 
amount of steam necessary for heating purposes de- 
pends upon the temperature outside and inside the 
building; these should be kept in the record during the 
heating season of the year. 

Also, depending upon local surroundings and con- 
struction of the buildings, the amount of heat required is 
dependent to some extent upon the direction and velocity 
of the wind. Temperature requirements also depend 


Steam ‘Sn Cee ee 


rT 


Boilers and Furnaces 


Houre|Safety Valve 


Kw. br. Used 


Power Used 
Kw, br. 


a. P.De 
in,Water/in.water 


Hours hr. 





FIG. 16. COMPLETE BOILER ROOM LOG SHEET DESIGNED FOR PLANT EQUIPPED WITH GRAPHIC RECORDING 


installed in this plant should indicate the time of run- 
ning of each elevator and the power in kilowatt-hours 
consumed per day. In addition to this, the number of 
trips made, the number of passengers carried up and 
down each half hour, also the time required to make one 
trip are items which will help the engineer in deter- 
mining the power requirements at various times of the 
day. The hydraulic elevator, which in this plant is a 
sidewalk lift, does not consume a great deal of power, 
so that the only items which are considered essential 
are the time of running and the number of trips. These 
items will give the engineer an idea as to the amount of 
water required for operating this elevator, and the time 
of day in which the elevator is likely to be in service. 
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INSTRUMENTS 


considerably upon the humidity of the atmosphere. To 
give the best service, then, the engineer should have 


some means for showing what the humidity outside and- 


inside the building is during the day. These may be 
taken from a hydrometer or a wet and dry bulb ther- 
mometer three or four times during the day. There is 
no other instrument which will give a better idea of the 
weather to come within the next few hours than the 
barometer. Readings every hour or so will be of con- 
siderable serviee to the engineer in preparing him for 
coming weather conditions. 


ELEVATORS 


THE DAILY record covering the 10 electric elevators 


There are 10 ventilating fans in this plant, and they 
are direct connected to motors. Having practically a 
constant load, the items of importance are the times of 
starting’ and stopping, the kilowatt-hours consumed dur- 
ing the day and the pressure of the air delivered from 
the fans. This latter item is of convenience in showing 
when a duct is obstructed. 

Having outlined the operating data regarding each 
of the principal machines in the plant, as a check to 
make sure no item of importance is omitted, the mate- 
rials dealt with. will be taken up and their course 
through the plant outlined. 

Coal comes first in importance and in the power 
plant we deal with it in three ways: First, purchasing; 
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second, handling; third, burning. The analysis of each 
of these processes affecting the operation of the plant is 
shown in the accompanying diagram, Fig. 2, which is 
sufficiently clear that no further comment is necessary. 
A check mark is placed after each item which is taken 
care of in the tabulation of the plant equipment, so, 
to make our daily log sheet complete, the items not 
checked in this diagram, as well as those in the diagrams 
which follow, must be considered when the sheet is 
planned. 

The processes through which water goes until it 
leaves the boilers as steam are purchasing, treating, 
heating and steam generation. These are outlined and 
checked as was done with the coal diagram. 


In regard to steam, we must consider the amount used 
for various services and the conditions which affect this 
amount. The outline given here lists the uses and the 
principal influencing conditions for each use; other con- 
ditions do exist, but these have already been detailed 
in the tabulation of plant equipment. Steam lost by 
radiation is not mentioned previously, so this item should 
have consideration here. This may be approximated 
by measuring the high pressure condensate returned 
by means of traps and when the temperature of these are 
known, the total loss may be estimated. 

Oil, waste and supplies are purchased and used with 
little or no handling done in the moderate size plant. 
The outline is self-explanatory. In this instance it will 
be noted that not one item was taken care of in the 
plant equipment tabulation, which shows the value of 
this separate angle of attacking the problem. 


Repairs and renewals come in for their share of con- 
sideration and the data of importance are tabulated 
under that heading. The same may be said in regard to 
power plant labor. None of these items were considered 
when taking up the plant equipment, which again shows 
the importance of considering items entering into the 
variable costs as well as the equipment when planning 
a log sheet. 

To make the log sheet most convenient, it is neces- 
sary to have the data so arranged that the items can be 
entered with the least amount of work. In a small plant, 
one log sheet kept on a desk in the engine room just 
inside the door from the boiler room will suffice. Here 
the items can be entered by those in charge of the 
engine and boiler rooms with the least amount of in- 
convenience. As the plant increases in size, this ar- 
rangement becomes awkward and separate forms are 
advisable. These forms naturally increase as the plant 
becomes divided into more departments, perhaps widely 
separated so that each department will require separate 
sheets. In order that the forms designed for the plant 
under consideration may be made of general use, a 
separate form has been made for each class of machine 
or item so that in planning the record sheets the in- 
dividual sections may be cut down or expanded to in- 
clude other data and the separate records arranged as 
desired by the man in charge. 

Thus a form for collecting general data has been de- 
vised. On this all information which is of use in more 
than one department of the plant is gathered. As will 
be noted, much of this may be collected as records from 
eraphie recording meters; lacking these, readings, taken 
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at frequent intervals are desirable in order that a fair 
average may be secured. 

Blanks for collecting data on oil, waste and supplies, 
repairs and renewals, and labor are the same as those 
given in the section on cost sheets, but repeated here to 
show how they are used along with other data. 


In like manner, other sheets have been designed as 
will be noted in Figs. 3 to 18. Attention, however, is 
called to the three forms designed for engines and gen- 
erators. These are distinctively different, but illustrate 
what can be done with almost any of the special forms 
presented here by keeping in mind the relative im- 
portance of the items possible of collection for each 
machine as well as the relative amount of heat loss by 
each piece of equipment. Thus by referring to the tabu- 
lation of plant equipment the relative importance to the 


cer 


Switchboard Opened otal. Oil, Waste and Supplies Used. 


Circuit No. 1 oil Gal.| Cost| Waste | Lb.| Cost 


2 
3 
4 
5 
6 
7 
& 


Repairs and Renewals Labor 


Time 


Parte re- 
Employe| Position | From To 


Machine/newed or |Employe| Time | Cost 
red 


Remarks 


FIG. 16a. COMPLETE ENGINE ROOM LOG SHEET DESIGNED 
FOR PLANT EQUIPPED WITH GRAPHIC RECORDING 
INSTRUMENTS 


operation of the machine of the various items is pointed 
out, while the table showing heat losses in the plant is 
convenient for determining what equipment should be 
given continuous study. 

When it has been decided what apparatus should be 
subjected to continuous observation of operating effi- 
ciency and the items which are desired for this observa- 
tion and the frequency of recording the items, the prob- 
lem is then merely a matter of arranging the separate 
forms on one or more convenient log sheets and the work 
of planning is done. 

To illustrate the method outlined three systems of 
operating record forms are suggested for the plant which 
has been under consideration. 

The relative value of these records depends entirely 
upon the use to which they are put. If all the data 
collected thereon is made use of to the fullest extent, big 
returns will be paid on the expense of keeping them 
up to date. 
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Records for Study of Needed Improvements 


Necessary Data, WHEN AND How COLLECTED 


N GENERAL, it can be said that it is time to replace 
| old equipment with new if, on account of greater 

efficiency or capacity, or both, our annual cost of 
production will be reduced sufficiently to justify our 
selling our present equipment for its scrap value. 

The various items which go to make up the cost of 
production have already been discussed and found to 
be cost of fuel, labor, supplies, repairs and renewals 
and the various factors which constitute the fixed charges 
such as depreciation, annuities, interest, insurance, etc. 
It will be found that a unit which is not giving as low 
unit costs as desirable, does so because it is relatively 





Repair Ticket. 





Total 
Repair 
Cost 


Labor 


Employe 
Cost 


Material 
Cost 


Part 
Repaired 


Machine 






































FIG. 1. BLANK FORM FOR REPORTING REPAIRS 


less efficient, than other equipment which will do the 
work. A comparison of the old with a new unit in 
this case will show that (1) physical depreciation of 
the old unit due to wear and tear has set in and re- 
pairs have not sufficed to bring back its former effi- 
ciency, or (2) although the old unit is in good repair and 
maintaining its initial efficiency, the new unit has had 
the benefit of improvements in design, or (3) the old 
unit has been burdened with longer hours of service 
or more load than it was originally designed to carry, 
repairs cannot be made in time, efficiency decreases and 
shutdowns are more numerous. In the first case, we 
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from sinking fund tables will be based thereon. Sim- 
ilarly, if future growth is likely to cause the new equip- 
ment to become inadequate, its economic life will be 
terminated by such growth and the functional annuity 
computed accordingly. If experience has shown that the 
unit will wear out before it becomes obsolete, then the 
annuity will depend on its physical life. Such plant 
data can be obtained from manufacturers’ catalogs, and 
blueprints from their salesmen or by specific request. 
They should be on file in the plant ledger. 

Of importance in the consideration of improvements. 
is the scrap value of the unit. An idea of the total 
salvageable scrap can be had from the shipping weights 
or from drawings showing the machine and the amount 
of iron, brass, aluminum and other metals which are 
used in its construction. Then if the present market 
value for scrap metals is known a pretty fair idea of 
what the machine should bring in as junk can be had. 
The plant ledger besides telling what was paid for our 
old unit should also give the cost of subsequent addi- 
tions or replacements which tend to affect its value and 
efficiency. 

As will be shown later, the cost of operation is the 
controlling element which determines whether a unit 
is economical or not. For boilers we will have to know 
how much coal and what kind was burned, what the 
average steam pressure was, and how many hours: of 
service were rendered. 

The manufacturer’s guarantee of efficiency under 
different loads will be found in the plant record. To 
compare with these will be data from the efficiency test 
records to see whether the plant is getting as much out 


























_ say the unit has suffered physical depreciation; in the 
second, it has become obsolete, and in the third, in- 


adequate. 
ForMs TO FACILITATE THE STUDY OF IMPROVEMENTS 


For THE purpose, then, of having sufficient data by 
which to make a decision as to whether or not improve- 
ments in equipment are required, our records must con- 
tain information bearing on the following: 

(1) Cost of the present unit and its estimated 
economic life. If past experience has shown that new 
inventions are likely to be made which will cause the 
new unit to become obsolete in approximately a certain 
number of years, this will be the estimated economic 
life and the functional depreciation annuity determined 


FIG. 3. LOOSE LEAF RECORD BOOK 











of the boiler under service conditions as there is reason 
to expect. Along with efficiencies goes capacities. The 
plant ledger will give the rated capacity of the boiler 
and the operating record the actual load curve so that 
we can see whether we have been forcing it unreasonably. 

Next in importance to the fuel costs are labor costs. 
The monthly operating summary will give these, together 
with hours in service of the equipment. We will have 
to divide up the wages paid to assistant engineers and 
firemen and pro-rate them among the different boilers 
according to the hours of service. As regards cost of 
repairs, beyond ordinary attendance such as for gage 
glasses, valves, ete., the cost of the material and labor we 
should find on the plant ledger compiled from repair 
tickets (Fig. 1) for this particular boiler. 
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The number of times the boiler is taken out of service Items of cost listed as fixed charges, such as interest, 
and the reason therefor, an estimate of the monetary taxes and insurance, are also needed in making a com- 


loss caused by each shutdown, a record of the tubes parison of the relative economy of various kinds of units 
and these can be found in the annual summary of costs 
and pro-rated according to cost for the first cost, and 
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FORM FOR WORK ON BOILER TUBES 







cleaned (see Fig. 2) and those replaced and their cost 
should be an item of record in the monthly operating 
summary and in the plant ledger, because these will be 
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in which 


F = Amount set aside annually to nee ene $1.00 
From log at compound interest in N year 

sheets and r © compound interest rate 
plant ledger N = Estimated functional economic life (Item 14) 








the total annuity ie then: 
F(C-8) 
where (C-S) is the depreciable value of the investment in dollars. 
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floor space for equipment and real estate taxes respect- 
ively for the second, and according to cost for the third. 

Suppose, then, that it is contemplated to replace a 
‘closely related to inadequacy and efficiency. Special particular boiler as the service has not been as satis- 
information of this kind can be readily kept in a loose factory as desirable. We gather together our records. 
leaf record (see Fig. 3). From the records the data pertinent to this particular 








a FIG. 4. LOG SHEET FOR STUDY OF IMPROVEMENTS IN BOILERS 




















boiler are taken. In order to analyze the data, it is well 
to arrange it in a form similar to that shown in Fig. 4. 
The record should be filled out for each year of life of 
the boiler and can then be summarized on another sheet. 
From the summary a recapitulation can be prepared 
Fig. 5 which can be compared with a similar summary 
prepared for a new boiler. 

In gathering statistics concerning the new boiler, 
great care must be exercised to insure that the data 
are reliable and comparable with those of the old unit. 
The rating base must be carefully noted, as not all man- 
ufacturers use the same base. Freight and cartage costs 
are part of the expense and these can be estimated on a 
basis of shipping weights and freight rates. If special 
provision must be made in the building for taking the 
new unit in, this should be charged to foundation costs 
if a new foundation is necessary; or if not, a separate 
charge can be made. Scrap value can be estimated as 
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FIG. 6. SUMMARY SHEET FOR NEW EQUIPMENT 






described for the old unit. Annual interest, tax and 
insurance charges can be estimated on the new cost and 
on the corresponding charges for the present unit. Many 
of the other statistics are compiled as for the old boiler; 
but the estimated annual costs for fuel, labor and repairs 
should be carefully scrutinized to see that they are not 
underestimated. 

A log sheet for data concerning the new boiler is 
hardly necessary. The summary sheet for the new unit 
shown in Fig. 6 will ordinarily suffice. It is very similar 
to that shown in Fig. 5. From Fig. 6 a recapitulation, 
not shown, can be made which will be similar in most 
respects to that shown in Fig. 5. A similar summary 
and recapitulation should be made for each make of boiler 
which is assumed as one likely to be a better boiler to fit 
the operating requirements than the one in use. The 
analysis described in a later section will show how to 
compare the statistics for the different boilers. 

The general idea of keeping an improvements log 
sheet on which to record data used in the study of the 
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necessity for improvements, and then totaling and aver- 
aging the data for several years and placing them in a 
summary and thence to a recapitulation sheet will be 


found useful for general application. 
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FIG. 7. SUMMARY SHEET FOR STUDY OF IMPROVEMENTS 
IN ENGINE EQUIPMENT 


The method of compiling the data for a steam engine 
using this method of organizing the work has been shown 
in Figs. 7 and 8. The log sheet is not shown nor the 
corresponding summary and recapitulation forms for 
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FIG. 8. RECAPITULATION OF SUMMARY SHEET FOR STUDY 
OF ENGINE IMPROVEMENTS 


the new equipment to be considered. These in many 
cases will include not only steam engine, but internal 
combustion engines and turbines. 


WA.t STREET JOURNAL announces that several million 
tons of coal have been displaced by fuel oil in New 
England out of total annual coal requirements of 60,- 
000,000 tons in that section. This displacement of coal 
refers only to industrial users. 
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Analysis of Cost Records 


DISTRIBUTION OF EXPENSES TO DIFFERENT 
SERVICES AND CALCULATION OF UNIT Costs 


AVING planned the operating records so that it is 
possible to ascertain the amount and value of the 
various items which enter into the cost of pro- 

ducing power, heat, etc., and the size of the correspond- 
ing output, it remains to take the different items and 
distribute them among the various commodities pro- 
duced so that each is charged with the equitable portion 
of the total cost incurred in its production. 

For the purpose of showing how the various costs are 
computed and distributed, a certain power plant is 
assumed whose cost is known, that certain records which 
will give us the fixed charges such as interest, taxes, 
cost of management, etc., are accessible and that com- 
plete monthly records of operating costs and output have 
been kept. 

With the addition of several additional columns the 
form shown in Table I on page 8 will nicely suit the 
purpose for analysis. The operating records show the 
following items of cost summarized monthly: 

Coal, ash removal, oil, packing waste, general sup- 
plies, labor, repairs, and renewals. 


TABLE I, 





Genl. 
Waste | Supp. 


2.46 1.29 | 18.71 


A record has also been kept of the kilowatt-hours 
output at the switchboard and the amount of water evap- 
orated. This power plant, as it supplies a machine shop 
with heat, light and power, has arranged its records to 
show the average outside temperatures and the hours 
in which exhaust steam and live steam are used for 
heating. 

The unit prices are those of 1919, $5 being paid for 
a ton of coal. 

The monthly cost of the items has been tabulated as 
shown in Table I and gives us the following annual 
costs : 


Ae Mirae haba nd aah econ $4072.50 
och Cee the che CASS 48.90 
PSE TT oe Te CT EeT ET ORE ETT Eee 153.30 
a ee ee 32.06 
NE Ce iad ade aie 14.52 
ST NIE viva ws ae ehes Vanes 138.58 
ER e ost. G thy tke nes hen cae 4370.81 
id Ped uu hans Wa tees 80.08 
re eee Pere ee 311.78 

Total operating costs............ $9222.53 


Taking up next the subject of fixed charges, we find 
them to consist of interest, plant insurance, liability 


TABULATION OF MONTHLY COSTS 


Labor Rep. 





insurance, taxes, functional depreciation annuity, and 
management. 

Interest is based on first cost of original equipment 
plus the cost of betterments and additions, the assump- 
tion being that physical depreciation has been taken care 
of by renewals and repairs so that physically its value 
as a going proposition is equal to its original value. 
Included in the cost of the equipment must be freight, 
cartage and installation expenses. 


The plant ledger shows the plant to consist of the 
following equipment whose present value is as shown: 


Ce fs > adie wisi eRiaenceue eed $ 6000 


Boilers and stokers...........ccscc0. 9000 
Boiler GUXUIATIOS oi cccicccecatanecss 1000 
PR 6086s enbeesebsnsarenreaxvuR 3680 
Generators and switchboards.......... 6900 
Coal handling machinery............. 1500 


Building, engine foundations and stack. 15,000 





Total plamt VOING. 2.66. ceescciass $43,080 
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Interest on first cost at 6 per cent = 43,080 « 0.06 = 
$2584.80. 

Insurance premiums on plant and equipment, the 
records show to average 2 per cent of first cost annually. 
Plant insurance then will be 43,080 < 0.02 = $861.60. 

Workmen’s liability insurance on power plant labor 
for an isolated plant is based on the weighted average 
insurance assessed on the wages of the workmen em- 
ployed in the manufacturing plant of which it forms a 
part. This, being a machine shop, carries a charge of 
1.8 per cent of wages. As the labor costs amount to 
$5580.81, the liability insurance will be 5580.81 x 0.018 
= $100.45. 

Taxes are 1% per cent of full assessed value, or 
43,080 « 0.005 = $215.40. 

The functional depreciation annuity which is to take 
eare of obsolescence'‘and inadequacy found by consulting 
sinking fund tables is the amount to be set aside annu- 
ally to draw compound interest, so that at the end of 
the functional life of the unit the amount will equal $1 
for each dollar of the depreciable value of the unit. 

In this case a compound interest rate of 4 per cent 
is used. The depreciable value is equal to the first cost 
minus scrap value, which is the market price of the scrap 
after deducting the cost of removal. The life expectancy 
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differs widely according to the opinion of many authori- 
ties and what appears to be a fair average for the equip- 
ment in question is shown. The records show the amount 
of scrap material in the various machines, which have 
been multiplied by the market value of scrap, from which 
product is deducted the estimated cost of removal. 


TABLE II. SHOWING METHOD OF COMPUTING FUNCTIONAL 
DEPRECIATION ANNUITY INTEREST COMPOUNDED 
ANNUALLY AT 4 PER CENT 
Cost in place Scrap | Depreciable | Functional 

value life 


(1) incl. freight 
and inetallation Annuity 


foundations, 


T 


eciable 





(1) Including bettermente and additions 

Inasmuch as the functional life varies as between the 
different classes of units the annuity for each must be 
computed independently. To illustrate the procedure, 
Table II is given. 

The first column shows the first cost of equipment; 
the scrap value is shown in the second column, and depre- 
ciable value, third column, is then readily found by sub- 


TABLE IV. 





T 
coal, ash 
removal & 







Total 
steam 


tracting values in column 2 from corresponding costs in 
column 1. The source of the other figures is evident. 

The total functional depreciation annuity is then 
shown to be $987.50, which amounts to 3.98 per cent on 
the total depreciable value and corresponds to an aver- 
age functional life of practically 18 yr. for the entire 
plant. 


TABLE III. SUMMARY OF FIXED CHARGES 


Interest on first cost at of = 43,080 x 0.06 

Plant inourance at = 435,080 x0.0 = 

Liability insurance 1.8% of labor costs Toh a x 0.6e 7 70.88 
= zx 0. co 


Taxes 1/2% on first cost 43,060 005 15. 

Functional depreciation annuity 987.50 

Cost of management 

1/4 hr. daily of 8 hr. day. = 6,000 x 1/32 « 187.50 

Clerical expense = 150. 
Total 065. 48 


The distribution of the management expense will be 
executed as follows:. The general plarit superintendent, 
who also is in direct charge of the power plant, spends 
on an average 15 min. every day in going over the rec- 
ords and giving instructions to the engineer who acts in 
the capacity of foreman in the power plant. The super- 
intendent works 8 hr. a day and receives a salary of 
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$6000 a year. Prorating his time gives 14 x= 


$187.50. In addition to the manager’s time, there is a 
small amount of clerical work for the ordering of fuel, 
supplies, repairs, ete., and sundry other work which is 
estimated to cost $150. 

In Table III are summarized the fixed charges which 
total up to $5065.48. 

The total operating costs and fixed charges, therefore, 
amount to $9222.53 plus $5065.48 or $14,288.01 for 
power and heating. 

The summary shows the total annual output in kilo- 
watt-hours at the switchboard to be 255,310. Therefore 
the unit cost per kilowatt-hour, including heating, is 
$14,288.01 -- 255,310 = 5.6 cents. 

The unit cost of production given above serves many 
purposes and the various items which enter into its 
make-up can be watched so that discrepancies may be 
investigated and proper corrective measures instituted. 
There will, however, come a time when the engineer will 
be asked for the actual cost of producing the power only, 
so that it may be compared with the cost of purchased 
power or with the cost of power produced in a similar 
plant. 

In the separation of costs between steam used for 
power purposes and that used for heating, certain of the 
fixed costs may be rightfully considered as due to power 
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Percentage to power = 38.5 
® heating = 61.5 
00.0 


only and others to both power and heating. The oper- 
ating charges may be distributed similarly. — 

It is logical, therefore, to divide the fixed cost of plant 
so that equipment which is used only for generating 
power such as engines, turbines, switchboards, etc., and 
which are not needed for purely heating load would be 


TABLE V. OPERATING EXPENSE DISTRIBUTION 

















Power Heating 
Coal, ash removal and labor | $3264.82 | $5227.39 
Oil 153.350 
Packing 32.06 
Waste 14,52 
General supplies 69.29 69.29 
Repairs and renewals 316.49 75.37 
Total 3850.48 5372.C5 








charged directly against power. On the other hand, 


boilers and stokers and the building itself are needed 
for both purposes and must be prorated. 

Operating expenses can also be divided up. Such 
items as oil, packing and waste can be charged to 
power. General supplies will be divided equally between 
engine and boiler room. The plant ledger shows that of 
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the repairs, 49.31 is for the engines and generators, 
while the remainder, 30.77, is for repairs on boilers, feed 
pumps, and piping. From the same source we find that 
the $137 and $83 renewal items belong to the engine 
room and the $91.78 item belongs to the boiler room. All 
items chargeable to the boiler room will be prorated to 
power and heating as described in the following analysis 
for coal: 

The remaining undivided operating expenses are the 
costs of coal, ash removal and labor. The first two, from 
their nature, can be considered together. 

Manifestly, since-no exhaust steam is required in the 
summer months of June, July, August and September, 
the entire cost of the coal and of the ash removal must 
be charged against power production. During the re- 
maining 8 mo. of the year, a quantity varying between 
60 and 100 per cent of the exhaust steam is used for 
heating, while in addition live steam must be used vary- 
ing in amount with the outdoor temperature and the 
number of hours that exhaust steam from the engine 
is available. The distribution of the coal costs as between 
the power and heat services must necessarily be some- 
what arbitrary, but inasmuch as about 10 to 20 per cent 
of the total heat units put into the steam are used in 
power generation while the remaining 80 to 90 per cent 
are returned to the heating system, 20 per cent of the 


TABLE VI. DISTRIBUTION OF PLANT INVESTMENT AND 
FUNCTIONAL DEPRECIATION ANNUITY 


to Charge to/ Charge to 
Total power heating 


cost of the steam going to the engine during the heating 
season can arbitrarily be charged to power generation, 
while the remaining 80 per cent should be charged to 
heating. Examination of the steam consumption during 
the month when no exhaust steam is used will show that 
in the case of the plant under consideration an average 
of 50 lb. of steam are used for each kilowatt-hour of 
power produced. This amount can, therefore, be as- 
sumed, as the steam consumption of the engine during 
the other 8 mo. and prorated to power and heating as 
explained above. The remaining steam produced must 
then be considered as used solely for heating and will 
be distributed accordingly. 

As respects labor costs, the general opinion of 
} authorities indicates that it should be prorated in the 
Same proportion as the steam consumption and this will 
be the method used in this analysis. 


SEPARATION OF OPERATING Costs 


TAKING UP coal, ash removal and labor costs which are 
» lumped together and prorated according to steam con- 
sumption, it will be found that of the 1,811,000 lb. of 
steam produced in January 1,371,000 lb. are used to 
supply steam for the engine, assuming 50 lb. of steam 
per kilowatt-hour. Of this 1,371,000, 20 per cent, or 
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274,200 lb., is charged to power, the remaining 80 per 
cent, or 1,026,800, being charged against heating. The 
remaining steam not accounted for by the engine, 1,811,- 
000 — 1,371,000 — 440,000 Ib. is then directly charge- 
able to heating only. 

For the month of January, then, there is a total of 
274,200 lb. charged to power, or 15.10 per cent of the 
total steam generated. Multiplying the total cost, labor 
and ash handling costs by 0.151, we have $136.73 as the 
cost of these items for power. The remaining 84.90 per 
cent, or $768.78, is the cost for heating. 

As explained before, the entire cost in the months 
when no heat is used is charged to power. Table IV 


SUMMARY OF FIXED CHARGES 


Heating 


TABLE VI. 
Power 
Interest on first cost at oO, 


7 


a 
of labor cost 
Power labor = 
4370.81 x 38.5 = 1682.76 x O. 
Heating labor 


Cost. of management. 4 hr. 


ly of 8 hr.day at 


shows the tabulation of these costs for the entire year, of 
which $3264.82, or 38.5 per cent, goes to power and 
$5227.39, or 61.5 per cent, to heating. 

Repairs and renewals items totaling $122.55 and 
charged to the boiler room will be prorated on the same 
percentage. This gives 122.55 « 0.385 — $47.18 for 
power and 122.55 61.5 = $75.37 for heating. Adding 
to the former, the $49.31 engine room repair and the 
$137.00 and $83.00 engine room renewals makes a total 
all told of $316.49 charged to power. 

Table V shows the distribution of the operating 
expenses. 


DISTRIBUTION OF FIxED CHARGE 


Or THE plant, the engines, $6000, and generators and 
switchboards, $6900, or a total of $12,900, are used solely 
for power production. The boilers, stokers, piping, the 
building, etc., totaling $30,180, are used for both power 
and heating and will be distributed in the same propor- 
tion as the coal and labor. 


DISTRIBUTION OF TOTAL CHARGES 


Heating 
$6372.05 
2287.16 


TABLE VIII. 





Power 
$3850.48 


Operating Costs 
2778.33 


Fixed charges 











Total Kw.hr. power w $255,310 
| Cost per Kw. or. = 6628.30 + 255310 = $0.026 








The distribution of these and the other fixed charges 
as outlined in previous paragraphs is shown in Tables 
VI and VII. The first shows how the plant investment 
costs are divided and likewise how the functional depre- 
ciation annuities are taken care of. Table VII sum- 
marizes all the fixed charges. 

In Table VIII a recapitulation of operating cost 
and fixed charge distribution against power and heating 
shows that the total cost of production of power is 
$6628.80, which, for a total production of 255,310 kw.-hr., 
nets a unit cost of 2.6 cents per kilowatt-hour. 
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Analyses of Tests 


sheets worked out as indicated in a previous article, 

it is frequently a perplexing problem to determine 
how these data can best be used. The object of most 
tests of power plant equipment is generally to determine 
whether or not the equipment is holding up to its stand- 
ard record of efficiency and if not, to determine why not. 
Standard test codes have been devised for the sole pur- 
pose of making comparison between equipment run 
under somewhat different conditions, yet these codes are 
faulty in some respects, so that it cannot be said that a 
machine which shows a higher efficiency than another is 
the more economical, unless the conditions of operation 
are substantially the same or just corrections can be 
made to bring the data on a parallel basis for com- 
parison. 

As a guide in making comparisons of power plant 
machinery, the accompanying classification of standards 
of efficiency and economy, which have been adopted by 
the American Society of Engineers, shows the items with 
which to begin the analysis. 


r | YESTS having been conducted and the summary 


STANDARDS OF EFFICIENCY AND ECONOMY 


Relation between B.t.u. absorbed by 
boiler per lb. of dry coal and cal- 
orific value of 1 lb. dry coal. (Ef- 
ficiency of boiler, furnace and 
grate. ) 

Relation between B.t.u. absorbed by 
boiler per lb. of combustible 
burned and calorific value of 1 lb. 
combustible. (Efficiency based on 
combustible. ) 


a Boilers 


(1) B.t.u. per i. hp.-hr. 

(2) B.t.u. per brake hp.-hr. 

(3) Ft.-lb. of net work per B.t.u. 

(4) Thermal efficiency referred to 
i. hp. 

(5) Thermal: efficiency referred to 
br. hp. 

(6) Rankine cycle ratio referred to 
i. hp. 

(7) Rankine cycle ratio referred to 
br. hp. 

(8) Lb. of steam per i. hp.-hr. 

(9) Lb. of steam per br. hp.-hr. 


b Reciprocating 
Steam Engines 


(1) B.t.u. per br. hp.-hr. 

(2) Ft.-lb. of net work per B.t.u. 
(8) Thermal efficiency. 

(4) Rankine cycle ratio. 

(5) Lb. of steam per kw.-hr. 


e Steam Turbines 


(1) B.t.u. per kw.-hr. 
(2) Ft.-lb. of net work per B.t.u. 
(3) Thermal efficiency. 

(4) Rankine cycle ratio. 

(5) Lb. of steam per kw.-hr. 


d Turbo - genera- 
tors (including 
engine - driven 
generators) 


MeruHops oF CoMPARING Test Data 











e Pumping En- (1) Ft.-lb. of work per million B.t.u. 


gines (2) Ft.-lb. of net work per B.t.u. 

f Compressors, (1) B.t.u. per net air hp.-hr. 
Blowers, and (2) Ft.-lb. of net work per B.t.u. 
Fans (3) Lb. of steam per net air hp.-hr. 

(4) Lb. of steam per 1000 cu. ft. of 


free air compressed to 100 lb. 
gage pressure reduced to atmos- 
pheric temperature. 


g Complete Steam Power Plants: 
Plants in Gen- (1) Lb. of coal as fired per i. hp.-hr. 
eral (2) Lb. of steam per i. hp.-hr. 
(3) Heat units in fuel consumed per 
i. hp.-hr. 


Lb. of coal as fired per kw.-hr. 
Lb. of steam per kw.-hr. 

Heat units in fuel consumed per 
kw.-hr. 


Electric Plants (1) 
(2) 


(3) 
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Pumping (1) Ft.-lb. of work per million B.t.u. 
Plants (2) Lb. of coal as fired per water 
hp.-hr. 
Air Machinery (1) Lb. of coal as fired per air 
Plants hp.-hr. 
(2) Lb. of steam per air hp.-hr. 


It is essential, however, in the comparison of test data 
from different units or from the same unit collected at 
different times, that consideration be given to a number 
of items besides the mere comparison of the efficiency 
figures. Many items collected during a test affect the 
efficiency yet do not enter into the efficiency calculation, 
and no means have as yet been devised for making cor- 
rections which will put the tests on a comparable basis. 
It is a consideration of these items which will be taken 
up in this article on analysis of tests. 


BorLers 


REFERRING to the boiler test summary on pages 21 
and 22, it is not likely that the coal used to make a test 
today is of exactly the same quality and heat value as 
that used in making a test of the same boiler 3 yr.-ago, 
while the heat value of the coal does enter into 
the caleulation of the efficiency; whether or not 
that heat comes principally from the volatile com- 
bustible matter in the coal or from the fixed carbon 
does not enter into the efficiency calculation, yet 
this fact has great influence on the results ob- 
tained. Likewise the percentage of moisture, ash and 
fusing point of ash have influences on the efficiency of 
the boiler, furnace and grate which do not justify the 
comparison of the condition of the units as it is now 
and as it was, nor can such a test be considered a just 
comparison of the adaptability of the furnace to the coal, 
as the condition of the boiler is not likely the same as 
it was during the former test. 
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Again, while the weight of water fed to the boiler 
enters into the efficiency calculation, the manner of 
feeding that water, whether continuously or intermit- 
tently, has an effect for which no correction factor has 
been devised. 

That the force of the draft, thickness of the fuel bed 
and combustion per square foot of grate surface have 
influences on the combined boiler, furnace and grate effi- 
ciency will not be denied, yet who can say positively that 
with a certain definite change in any one of these condi- 
tions the efficiency can be changed by a definite factor 
when the tests show other variables? 

In the comparison, then, of boiler tests, the fairest 
method is to start with efficiencies, work back through 
the economic results, horsepowers, pressures, tempera- 
tures, ete., making note of the differences, and with the 
items which show appreciable variation set out by them- 
selves, an idea can be had of the relative effects of many 
of these on general results by referring to the charts 
and tables in the back of the issue. 

As a concrete example of this method of examining 
boiler tests, a comparison is made here of tests reported 
by the American Engineering Co., conducted for sub- 
stantially the same purpose: on similar equipment of 
nearly the same capacity, but under somewhat different 
conditions. 


TEST RECORD SHEET 


Report of test on water tube boiler. 
Boilers equipped with 7-retort underfeed stokers. 
Purpose of test—Capacity. 

1st 


Duration of test 
Number of boilers used 
Type of boiler 
Number of tubes 


Water-heating surface 
Superheating surface 
. Grate surface 
. Ratio grate surface to water- 
heating surface 
. Steam pressure, gage lb. (1) 
LS 4) 6 ee abs. Ib... 

. Atmospheric pressure 

3. Draft suction at uptake 

. Draft suction over fire 

5. Pressure in tuyere box 

. Blower pressure 

7. Av. temperature, at blower. .Deg.F.. 

. Furnace temperature 

9. First pass temperature 
20. Second pass temperature.... 
21. Third pass temperature 

. Average temp., flue gases... . 540 
23. Average temp., feed water.. 7 eae 68 
24. Average temp., steam (1) Tp 

397; (2) 351.76 : 526 

RR go ee r.p.m.. 457 
26. Stoker engine speed.......... rp.m.. 457 
27. Name of fuel Springfield, 
Illinois 


iB 
2. 
3. 
4, 
5. 
6. 
Wie 
8. 
9 
0 


510.3 
184 


457.06 


417 
Tllinois 
Bituminous 


28. Size of fuel Screenings 


Proximate analysis: 
Moisture 12.0 
Volatile niatter 26 
Fixed carbon 45.6 
h 16.4 


15.76 


14.72 


9,976 
11,844 
14,296 


10.98 
16.5 
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Flue gas: 
CO, first pass 


3.99 
025 
’ 81.79 
29. Coal burned total run, as fired... 24,471 
30. Water evaporated total run, 
actual 
31. Coal burned per hour, as fired... 
32. Coal burned per hour, dry 
33. Coal burned per hour per sq. 
ft. grate surface, as fired 
34. Coal burned per hour, per re- 
tort, as fired 
35. Total weight of refuse 
36. Total weight of combustible 
burned 
37. Water evaporated per hour, 
actual 
38. Factor of evaporation E, 
39. Water evaporated per hour 
(f & a 212 deg) 
40. Degrees superheat 
41. Horsepower builder’s rating 
42. Boiler horsepower (mean of test).... 
43. Boiler horsepower (max. hr.)........ 1,576 
44. Per cent rating (mean of test) 
45. Sq. ft. water h. s. per b. hp. 
developed (mean of test) 
46. Water evaporated actual per 
D., CORN AG MOE 6 occ 5c ccs ces lb.. 
47. Water evaporated actual per 
lb., dry coal 
48. Water evaporated f. & a. 212 
deg. per Ib., coal as fired 
49. Water evaporated f. & a. 212 
deg. per lb., dry coal 
50. Water evaporated f. & a. 212 
deg. lb. combustible burned.... 
51. Water evaporated f. & a. 
212 deg. per sq. ft. h. s. per hr.lb.. 
74, Combined efficiency, per cent 


Picking out the items which differ materially and 
have an influence on operating results, yet do not enter 
into the calculation of efficiency or capacity, the follow- 
ing table is made: 


153,435 
6,118 
5,154 


67.2 


875 
3,971 


16,643 


38,359 
1.1318 


43,414 
105.3 
613 

1,258.4 


205.2 


3.97 4.88 


5.76 6.27 


6.45 7.443 


7.094 


7.35 
8.424 
12.434 


5.9 
69.0 


Hours run 

Ratio grate surface to heating surface... 

Draft suction over fi 

Pressure in tuyere box 

Flue temperature 

CO, 

Coal burned per sq. ft. grate surface per 
hour 

Per cent rated horsepower 

Thus only eight items are selected for direct com- 
parison, and these can readily be taken up in detail. 

In a test for capacity, the length of the test has a 
great influence on the average combined efficiency, as the 
forcing of a furnace soon results in ash accumulation 
with resultant clinker difficulties beyond, perhaps, the 
ability of the furnace to take care of them. So, in these 
two instances, the short test shows higher efficiency, as 
would naturally be expected; yet, as there has never 
been a definite correction factor developed for this dis- 
erepancy in test condition, judgment alone must guide 
in placing its importance. 

The ratio of grate surface to heating surface is so 
nearly alike in the two cases that its influence in this case 
ean be neglected and although the lower the ratio, the 
greater the capacity that could be expected, the reverse 
is apparently the case here. 

Comparison of the draft conditions readily shows why 
the first test resulted in higher capacity. With greater 
forced draft pressure, the loss through the setting would 
naturally be greater, as more gases are handled, so 


4 
67.4 
.056 
3.31 
457.06 
14.19 


67.2 
205.2 














it is natural to expect the relations found here: that 
is, 0.05 in. water over the fire in the first test and 0.056 
in the second where the forced draft is only 3.31 in. 
of water. 

Comparison of flue gas temperatures is not quite what 
should be expected when comparison is made of the tem- 
perature of the steam. Thus, in the case of the steam, 
the difference is 68.94 deg., while with the flue gas tem- 
peratures it is 29.7 deg., the advantage being in favor 
of the first test, which is probably one cause for the 
higher efficiency. 

The item of per cent CO, again shows in favor of 
the first test, since, by reference to a chart in the back 


as 
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STROKE - JIVCHES 
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9 


STROHES PER IN. = 
Fig. 1. RELATION BETWEEN PISTON SPEED STROKES PER 
MINUTE AND LENGTH OF STROKE OF PUMPS, WITH 
INDICATION OF COMMON PRACTICE FOR DIF- 
FERENT KINDS OF PUMPS. 


of the issue, it will be noted that with 14.2 per cent 
CO, the preventable loss in fuel is about 1 per cent, 
while with 15.5 per cent CO, the practical limit of econ- 
omy in this direction has been reached. 

The amount of coal burned per square foot of grate 
surface per hour shows a difference of 11.3 lb.; the ratio, 
however, is about what should be expected when consid- 
ering the next item, the per cent of rated horsepower 
developed. The efficiencies, however, are just the reverse 
of what might be expected judging from the load only. 

Having made this comparison, the problem is to point 
out what conditions could be changed in regard to the 
second installation to bring its efficiency up to that of 
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the first installation. A review of these comparisons 
indicates that the only conditions which might be bet- 
tered are those of CO, per cent and flue gas temperature, 
yet there is no way of knowing that the efficiency of the 
first installation would have held up had it been of the 
same duration. The comparison, however, is of advan- 
tage, as it points to conditions where improvements can 
be made. 
Pumps 


In THE testing of pumps, there are not so many vari- 
ables as in a boiler test and the conditions can in most 
cases be put on a comparable basis by a simple factor of 
correction ; consideration, however, must be given to the 
length of the stroke, the strokes per minute, the tempera- 
ture of the water pumped and the character of the dis- 
charge main, as each one of these items has an effect 
on efficiency for which a standard correction has not 
been adopted. 

The length of stroke and strokes per minute go to- 
gether to make up the piston speed, which, up to a cer- 
tain point, has little effect on efficiency; but when that 
critical speed is reached, the water does not follow up 
the piston as it should, and the volumetric efficiency 
drops indefinitely. The usual practice with different 
kinds of pumps is indicated by the curves, Fig. 1; these 
speeds are well below the critical speeds so are safe to 
refer to in analyzing test data. 

While the temperature of the water, as far as its 
weight is concerned, can be and is corrected for, when 
the efficiency calculations are made as outlined on page 
23, a critical point is reached when the vacuum in the 
suction pipe causes vaporization. The water may be so 
close in temperature to the boiling point that the differ- 
ence in the tension of the springs may cause faulty opera- 
tion in one case, while in the other, with perhaps a 
slightly lower piston speed, good results are secured. 
This will be appreciated when reference is made to 
Tables I and II, which should be compared with test 
conditions when analysis is being made. 

Hydraulic efficiency is a measure -to some extent of 
the character of the piping; but if comparison is made 
between two pumps working on different pipe lines or 
two tests of the same pump with different pipe connec- 
tions, these connections must. be considered and the dif- 
ference in their resistance to water flow corrected before 
a just comparison can be made. 


Frep-WatTER HEATER 


AS ORDINARILY installed in a power plant, the feed- 
water heater is a heat-saving device using exhaust steam 
for raising the temperature of the water going to the 
boiler. So if it delivers the water at a temperature as 
high as can be handled by the pumps, it will seldom be 
the subject of a test. Where exhaust steam is in demand, 
however, a comparison of the performance of a heater 
at various times is advisable and the summary on page 24 
will be an aid. This is not a method of figuring efficiency 
as ordinarily done on the output-input basis, but merely 
a comparison of items relating to the performance; thus, 
in analyzing this test, each individual item should be 
compared with the result in the other test, particular 
attention being paid first to the temperature difference 
between the inlet steam and the outlet water; as this is 
a measure of the results, the smaller this difference the 
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better. Next in importance comes the transfer of heat 
to the water per hour as the boiler is relieved of just 
that much work. Then if some means is available for 
measuring the amount of condensate in the heater, the 


‘ heat given up by the steam per hour can be determined 


and this should be compared with the heat transferred 
to the water—the difference is lost heat. 

The capacity of a heater is proportionate to its size 
or heating surface; if the temperature difference be- 
tween inlet steam and outlet water is great, either the 
heater is overloaded or, in the case of a closed heater, 
the tubes are dirty ; open heaters that have become fouled 
with scale will, when in bad condition, reduce the heat- 
ing volume and cause this same result. 


EcCONOMIZER 
ONE OF the most important factors which enter into 
a computation of economizer effectiveness is the weight 


TABLE I. VARIATION OF CALCULATED AND PRACTICAL 
SUCTION LIFT WITH WATER TEMPERATURE 





























Vacuun Avs .Press. Max.Temp. | Practical 
Ref.to 30"| in Suc'n, | Calculated | Practical | of suc'n. | Temp. of 
Baron. , Pipe, Lift, Lift, Yater, Suction, 
In. Lo.So. In Ft. Hd. Pt. Hd. | sg. P. Deg. F. 
? 14.21 1.13 0.8 210 ise 
2 13.72 2.26 1.6 208 152 
3 13.23 3.40 2.4 207 148 
4 12.74 4.53 3.2 205 1435 
5 12.25 5.66 4.0 203 149 
6 11.76 6.80 4.8" 201 137 
7 11.27 7.8 5.6 199 132 
8 10.78 9.07 6.4 197 129 
9 10.29 10.20 7.2 19 124 
10 9.80 11.32 8.0 192 122 
11 9.31 12.44 8.8 190 118 
12 8.82 13.58 9.6 187 115 
13 8.33 14.71 10.4 185 lll 
14 7.84 15.85 11.2 182 108 
15 7.35 6.98 12.0 179 104 
16 6.86 18.11 12.8 176 100 
17 6.37 19.24 13.6 173 37 
12 5.88 20.36 14.4 169 34 
19 5.39 21.49 15.2 165 90 
20 4.90 22.63 16.0 161 87 
21 4.41 23.76 16.8 157 
22 3.92 24.87 17.6 152 79. 
25 3.43 26.00 18.4 147 7? 
24 2.94 27.10 19.2 141 73 
25 2.45 28.2 20.0 134 69 
26 1.96 29. 20.8 125 67 
27 1,47 30.54 21.6 116 63 
28 0.98 31.68 22.4 101 57 
29 0.49 32.82 23.2 79 53 
30 0.00 33.95 24.1 





of the gaseous products of combustion which give a part 
of their heat to raise the temperature of the water in 
the economizer tubes. As shown on page 25, the weight 
of the flue gas is given by the formula 
W=3.036P ———-_ + (1— A) 
CoO, + CO 
Where W — pounds of flue gas per pound of coal 
P =~cearbon burned, stated as a decimal frac- 
tion of the weight of coal and is the 
proportion of carbon in the coal minus 
that in ash. 
N.,, CO, and CO are proportions by volume 
of the gases in the flue gas; and 
A= decimal part by weight of non-volatile 
residue per pound of coal. 

To illustrate the use of this formula, a problem will 
be worked out in which it is assumed that it is required 
to find the total weight of flue gas per pound of coal 
burned. As set out in the above formula, the gases will 
be composed of the air burned, plus the gases into which 
the mass of coal resolves itself. 

A certain Tennessee coal with ultimate analysis as 
shown by the Government bulletin will be used for the 
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purpose of the problem. Its chemical components are 


as follows: 





ides iine baat eine 84.14 per cent 
Ee ee 4.75 per cent 
ES peepee pone 4.37 per cent 
IN iin 0ke a4 a Guan Did 1.40 per cent 
Ns Saw veasrecase ia 1.88 per cent 
RE sikh tala acae 5m wae nain 3.46 per cent 

PE Ca runewentane nas 100.00 per cent 


The heat units per pound of coal are 15,262 B.t.u. 
Analysis of the flue gas shows the following: 





et rere 88.5 per cent 
Carbon dioxide (CO,)..... 11.0 per cent 
oo gL. Serr 0.3 per cent 
Carbon monoxide (CO).... 0.2 per cent 

WN .accnaGeseseaniun 100 per cent 


In correcting for the unburned carbon in the ash 
pit, assume that 5 per cent of the coal went into the ash 
pit and that 20 per cent of this was carbon; the de- 
duction for carbon in ash as a fraction of the total 
coal = 0.05 0.20 = 0.01 1.00 per cent. Therefore 
value of P = 84.14 —1.0 = 83.14. 


TABLE II. NECESSARY INLET HEADS FOR WATER OVER 160 
DEG. F. IN TEMPERATURE 





Temp. of 
Inlet a 165 | 170 | 175 | 180] 185 | 190/195 | 200] 205] 210 
Deg. FP. 





Practical 
Suction 
Preesure 1.6/2.7/3.8] § 6 7 8 |9.2/10 $/11.5 
Head Ft 









































By substitution in the formula, 
0.885 
Lb. air per lb. coal = 3.036 < 0.8314 —— 19.93 
0.112 

But, in addition, each pound of coal in burning 
evolves a certain amount of gas; the fuel analysis shows 
only 0.03 lb. residue, representing ‘‘A’’ in the formula, 
and comprising the non-volatile products of combustion. 
Therefore the gas evolved (1— A) =0.97 lb. 

Therefore, W, total weight of gas per pound of coal = 
19.93 +- 0.97 = 20.90 Ib. 

The economizer comes in the class with the exhaust 
steam feed-water heater in that it is a saver of heat, and 
the limit to the amount of heat that can be taken from 
the gases is governed more by the requirements for draft 
in the furnace than by the efficiency of the economizer. 
Obviously, by installing sufficient heating surface in the 
economizer the temperature of the gases can be reduced 
so low that no natural draft will be produced, so the 
object of an economizer test is usually to ascertain 
whether or not the economizer installed is maintaining 
its original heat transmitting qualities. For this reason, 
the tests suggested on pages 24 and 25 are designed to 
give the heat absorbing ratio; that is, the total heat 
gained by the water divided by the total heat of the 
inlet gases above the temperature of the inlet water. 

The test is rather complicated in that it requires a 
complete analysis of the coal and also of the flue gases; 
the use of these items is shown in the problem worked 
out above and the other necessary steps are given in the 
summary on page 26. For any particular economizer 
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installation this test will show by the absorption ratio 


the relative operating conditions of the equipment and 
the preventable losses being due to the accumulation of 
soot and scale, and the radiation of heat from the ex- 
posed surfaces are readily traced to their sources. 


Steam ENGINE TESTS 


THE PROCEDURE for comparing engine tests is very 
much the same as has already been described for com- 
parison of boiler tests; that is, setting the items of the 
summary in two parallel columns, picking out the results 
and conditions where discrepancies of consequence are 
noted and analyzing these for their effects on the 
efficiency. 

The percentage of rated capacity at which the test is 
conducted has a considerable effect on the efficiency 
shown by the test. Although manufacturers strive to 
produce engines that have straight steam consumption 
lines, there is always more or less of a hump in the effi- 
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ciency curve at the rated capacity of the engine; there- 
fore, consideration of this fact should be taken into 
account when comparing tests. 

It would be unjust to judge two types of engines by 
tests made on units of different sizes, as a unit of a 
larger size of any type of engine is likely to show a 
higher efficiency than one of smaller size. No general 
method of correcting for this difference in size is possible, 
as engines of different types do not have the same varia- 
tion in efficiency with size. 

In compound engines, the effect of the receiver pres- 
sure on the efficiency is not generally appreciated, nor 
has there been developed a method for obtaining a factor 
of correction to care for differences, so this point should 
be noted. 

Steam pressure in the jackets and reheater has a con- 
siderable effect on the initial condensation of an engine, 
thus naturally affecting the efficiency yet not entering 
into the calculation. 

Other things being equal, engines run at the greater 
number of revolutions per minute will show a lower 
efficiency than the slower speed engine, even though the 
piston speed in feet may be the same. This is, in a meas- 
ure, due to the fact that with high-speed engines it is 
necessary to provide greater clearance, which is detri- 
mental to efficiency. 

No engine test of any value can be made without 
indicator diagrams and in the comparison of tests of 
one engine with another or of tests of the same engine, 
the diagrams should be compared most carefully, for by 
them the defects of adjustments can be seen more surely 
than by any other means. 

The methods of making corrections for vacuum, super- 
heat and steam pressure will be taken up in connection 
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with steam turbines. These conditions have different 
effects upon different types of units, so it is necessary 
to secure from the manufacturer the correction curves 
applying to the type of engine tested. 


STEAM TURBINES 


WHEN contemplating a change from one type of unit 
to another, as from engine to turbine, it is necessary to 
work from a common basis; therefore, in the summary 
of the turbine test given on pages 29 and 30, the net 
work per B.t.u. consumed by the turbine is comparable 
with a like item resulting from a test of an engine. In 
such cases, however, the surrounding conditions are 
usually changed somewhat so that the over-all results 
affect not only the prime mover, but also the boilers. So 
comparisons such as mentioned above should not be con- 
fined to engine and turbine, but include practically the 
whole plant. 

Comparisons of tests of turbines can be made sim- 
ilarly to those of engines. Besides careful comparison 
between efficiency and economic results, several condi- 
tions which do not enter into the calculations should be 
noted. As with engines, the percentage of the rated 
capacity of the turbine at which the test is conducted 
will affect the efficiency and can be corrected for only 
by reference to an efficiency load curve of the turbine 
or one of identical design and capacity. 

Steam pressure at the throttle has an effect on pounds 
steam consumption almost in direct proportion to differ- 
ence in pressures in pounds absolute, as will be seen by 
reference to Fig. 2, which is a manufacturer’s correction 
chart and is therefore for a specific type of turbine. 

The barometric pressure will affect the results of 
the condenser and in turn, the pressure in the exhaust 
pipe of the turbine, so these items need comparison 
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and the results of different tests may be corrected to the- 


same vacuum by referring to chart similar to Fig. 3, 
which is for a 125-kw. turbine and is applicable only to 
this size and individual type and is not for general use. 

Again, a correction for superheat should be made in 
a similar manner to that employed for steam pressure 
and vacuum by reference to a curve similar to Fig. 4. 

In using these curves, the method employed is to add 
to or subtract from, as the case may be, the steam con- 
sumption per kw.-hr., the difference indicated by the 
charts for the changed conditions. This method, which 
is recommended by Moyer, is applicable to engines as 
well as turbines; but each type and size of unit must 
have curves of its own worked out from numerous tests 
and although drawn for corrections at full load, they 
will apply without appreciable error at loads ranging 
from 50 to 150 per cent rated load. 
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SuRFACE CONDENSERS 


To Ger the greatest value from the results of con- 
denser tests, comparisons should be followed out along 
the general lines suggested for other equipment. The 
basis of comparison is the heat transmitted per square 
foot of surface per degree difference per hour, as indi- 
cated on the summary sheet, page 30. Comparison of 
this item as calculated at different times from tests will 
show the relative working effectiveness of the condenser, 
thus giving an indication of the condition of the tubes. 

The object of the condenser is to create vacuum, so 
this item is of prime.importance, yet does not enter into 
the calculation of the coefficient of heat transmission, but 
should not be overlooked in the comparison. 
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Temperature of the cooling water is the most impor- 
tant variable condition limiting the effectiveness of the 
condenser, yet changes in this temperature can be coun- 
teracted by changing the amount of water used. The 
inter-relation of these two items at various times is en- 
lightening, and analyses of tests should include com- 
parisons of them. 


GENERATORS AND Morors 


Tests of generators and motors in power plants for 
efficiency are purely input-output tests and ordinary 
surrounding conditions other than those which enter into 
the efficiency calculations have but little effect upon the 


ENGINEERING 55 


efficiency results. The duration of the tests, however, 
should be noted when comparisons are being made, as the 
rise in temperature of the coils causes a falling off in effi- 
ciency, so a gradually decreasing efficiency is obtained 
until the temperatures become constant, when the effi- 
ciency remains constant for the load being carried. 

In the operation of motors and generators, more or 
less dirt accumulates on the armature and field coils, thus 
preventing the radiation necessary to keep the tempera- 
ture down to an efficient point. This increased temper- 
ature causes greater resistances in both armature and 
field coils, resulting in lower efficiencies at the same 
loads. Rise in atmospheric temperature or the tempera- 
ture of the cooling air passed through the generator 
also, for the same reasons, causes a falling off in effi- 
ciency, and note of these conditions should be made 
when tests are being compared. 


AtR COMPRESSORS 


THE SAME general scheme for analyzing air compres- 
sor tests may be used that has been described for other 
apparatus. As many variables affecting the efficiency are 
met in conducting a test of air compressors, it is difficult 
to determine just what condition is causing a reduction in 
efficiency, yet a few of these items should be noted and 
corrections made where possible. 

When compressors of different sizes are being com- 
pared, the one with the larger dimensions may be ex- 
pected to give higher efficiency. As with pumps, the 
connections, both suction and delivery, will have an effect 
on the amount of compressed air delivered, as pipes of 
smaller size have more friction and thus cause a lower 
pressure to the suction valves and a higher pressure at 
the delivery end. 

Comparison of the indicator diagrams will indicate 
leaking suction and discharge valves, and clogged piping. 

The analysis of a well conducted test of any piece 
of power plant equipment is of value in pointing to con- 
ditions that can be bettered, and the whole test is of no 
value unless the information given by the analysis is 
put into use. 


Analysis of Operating Records 


METHODS AND MEANS FOR 
FINDING PREVENTABLE LOSSES 


N THE operation of a power plant certain condi- 
tions are given, others are controlled by the oper- 
atives. If the given conditions were always the 

same the problem would be simple and, once solved, 
there would be little need for an extensive record 
system; but these conditions are changing continuously, 
so that the task of maintaining controllable conditions 
correct for each change in noncontrollable conditions 
is continuous and endless, as long as the plant is in 
operation. The interrelationship of conditions is inti- 
mate; the change in one weather condition, for example, 
may affect the operation of several pieces of apparatus 
and thus influence the final results to a considerable 
degree. The human senses alone cannot be relied upon 
to guide the operative; he must have delicate instru- 
ments. Then a change in given conditions calls for a 
change in controllable conditions if the plant is to be 
kept at its highest operating efficiency. 


Any condition in a power plant may be classified 
under one of the following general heads: (1) non- 
controllable, (2) semicontrollable, and (3) controllable. 
Under the first heading comes the weather, given equip- 
ment, and other things which must be accepted whether 


desirable or not. The semicontrollable conditions are 
those which are not absolute, but may be changed some- 
what by discrimination in selection or treatment, such 
as quality of fuel, quality of water, load curve, etc. 
Controllable conditions are those which the operator has 
absolutely under his control, such as steam pressure, 
draft, thickness of fuel bed, division of load among gen- 
erators, time of blowing down boilers, flue blowing, and 
the like. With operating records showing these chang- 
ing conditions, the task of the engineer is to determine 
what conditions he can change to meet the noncontroll- 
able condition, and then give general instructions to 
his operating force in order that the highest over-all 





POWER PLANT 


56 


efficiency may be obtained. When this has been done 
the record has served its purpose and any further 
records are of value only in keeping a check on plant 
operation and maintaining equipment in best con- 
dition. 

To analyze the daily record, then, the task is to 
determine whether or not each equipment unit is work- 
ing at its highest efficiency, and if not, why not. The 
more complete the records the easier will be the work 
and the more certain will be the results. 

Starting with the plant as a whole the usual plan 
is to draw curves, extending them each day, of the 
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day after day will be found to vary quite considerably, 
although the average for corresponding months of dif- 
ferent years will generally be nearly equal. Thus the 
conclusion is drawn that the principal factors affecting 
the changes are seasonal and the conditions that change 
with the seasons are weather and load. So temperature, 
which is the principal item in regard to weather, and 
load. conditions are plotted in comparison with coal per 
kilowatt-hour and pounds steam per pound coal. 
Further study is likely to reveal that for weather 
and load conditions substantially the same better results 
are obtained at some times than others. Why this should 


MONTH QF FEBRUARY 


DAY OF THE MONTH 
FIG. 1. CURVES PLOTTED FOR COMPARISON WITH THE POWER LOAD CURVE FROM RESULTS OBTAINED IN THE FIRST 
NATIONAL BANK BUILDING, CHICAGO 


principal over-all results and noncontrollable conditions. 
Thus, in the accompanying illustration, Fig. 1, are 
shown a number of curves of daily averages and totals. 
A study of these will show how the outside temperature 
affected the amount of live steam used for heating 
purposes, also the influence the power load had on the 
amount of live steam for heating. The division of 
coal used for heat and power is also shown. 

In the plant furnishing both power and heat the 
item which is most sensitive to changes is the pounds 
of steam generated per pound of coal, while in the 
plant furnishing electric power only the item of great- 
est importance is the pounds coal per kilowatt-hour 
delivered from the switchboard. These curves drawn 


be, would be purely a guess without adequate records; 
but with these, several things can be looked for, such as 
the boilers in service at these times compared with others, 
the uniformity of the load during the day, the condition 
of the boilers as regards scale and soot, the men on duty 
in the boiler room, in fact, practically all items which 
enter into the efficiency of the various pieces of ma- 
chinery could be examined until the cause of the improve- 
ment is accounted for. Once found, directions to main- 
tain that condition should be given and permanent bet- 
terment is secured. Likewise when results fall below 
what is considered best operation, investigation is called 
for so that they will not continue.’ For this reason the 
daily record has its advantage, for undesirable condi- 
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tions will be caught early and changed before the loss 
becomes great. 

As will be noted from the foregoing, the drawing of 
curves is merely the start in the process of analysis. 
These give merely relative values and unless the records 
have been kept long enough to establish standards of 
practice for the plant in question no comparison can 
be made; once, however, these standards are determined, 
variation therefrom should be studied with care. 


To make this process systematic and of greatest value, 
a step by step method should be followed out each day 
which, when once standards are established, will point 
immediately to the offending machine or condition. As 
a guide, an outline such as that shown in Fig. 2, for the 
plant which is being considered, could be made. Tak- 
ing up this outline item by item, the method of analysis 
of a daily record will plainly be seen and with the aid 
of the charts and tables in the back part of the issue, 
together with data from tests of equipment in the indi- 
vidual plant, the work can be done rapidly and with 
certainty that the condition causing the disturbance will 
be found. 

Three curves will be drawn and kept up to date 
every day; these are: pounds steam generated per pound 
coal, pounds coal per kilowatt-hour delivered at the 
switchboard and pounds of live steam used for heating. 

‘These are found from steam and wattmeters in the 
plant. To these could well be added power load curve 
and another for the outside temperature. 


As soon as possible establish a standard evaporation 
ratio, say 9 lb. steam per pound coal. This can be done 
by reference to tests of the boiler room run under direct 
supervision of the engineer. Where power only is deliv- 
ered by the plant, the pounds coal per kilowatt-hour can 
readily be established by testing the generating unit or 
units as a whole; but when live steam is used for heating, 
the inter-relationship of the power and heating loads 
makes the problem more difficult and only by observa- 
tion over several months or years can a definite standard 
for heat required with different temperatures and power 
loads be established. With these established for the 
plant, any discrepancy in any one of the three main 
items will be apparent when the power load and the out- 
side temperature are taken into consideration. To make 
this comparison rapid, a table, shown here in blank form, 
should be made up from records and kept handy for 
reference. This table will need revision as the plant 
improves in efficiency or changes in equipment are made; 
but even if not up to the best the plant can do, it will 
be a great aid to the man in charge. 


From these five items recorded in the daily log there 
will be one or more of the three semicontrollable items 
which may call for further investigation. Pounds of 
steam per pound of coal is influenced by several items, 
the most important of which will be found in the sim- 
plest daily record sheet shown in the article on Planning 
Operating Log Sheets as Fig. 14. 

Steam pressure is established by the design of the 
boiler and should be kept constant, for a drop in pres- 
sure calls for higher evaporation and more steam, since 
the engine economy is less with reduced pressure. 

Load on the boilers is not under the control of the 
engineer, although he can regulate to some extent the 
distribution throughout the day by varying the pro- 


POWER PLANT 
ENGINEERING 








57 


gram of his power using equipment which does not re- 
quire constant operation, such as coal and ash handling 
equipment, house pumps in connection with storage 
tanks, cool water system where storage capacity is pro- 
vided and other equipment special to the plant. This 
item should be compared with the ratings of the boilers 
in service to see that they are, on the average, working 
at as nearly their points of maximum efficiency as the 
load conditions will permit. Higher combined efficiency 
is usually obtained by overloading a boiler than under- 
loading it; so in arranging the program of operation, 
higher economy will be obtained by working the boilers 
to the limit on peak loads, while at low load periods they 
work around the normal rating, than by putting more 
boilers in service in order to keep the load on each more 
nearly the rating. The form shown as Fig. 14 in the 
article on Planning Operating Log Sheets is not sufficient 
to permit a detailed study of this item; the forms, Fig. 
15 to 16a, will give the necessary information or form 
Fig. 14, together with personal observation may suffice. 
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Temperature of feed water may vary 10 to 15 deg. 
if the rate of feeding is not watched carefully; establish 
a standard temperature and examine the daily records 
to see that the variation is within definite limits, say 
5 deg. 

Flue gas temperature is an indication of the amount 
of heat that is going up the stack. Boiler tests at vari- 
ous loads will determine what it should be for the indi- 
vidual plant and frequent reference to the chart showing 
loss due to flue gas temperature in the back of this issue 
will serve as a reminder that this should be low. It will 
be noted in the outline that several conditions affect this 
temperature. Increased load calls for the handling of 
more gases, which requires higher temperature. The 
condition of the tubes as to scale and soot affects the heat 
transmitting ability of the metal, consequently dirty 
heating surfaces mean higher flue temperature for the 
same load. The attendants can control this condition 
by systematic cleaning and tube dusting; but if the tem- 
perature is habitually higher than it should be for the 
conditions, a study of the quality of water and the kind 
of coal will not come amiss. 

Temperature of the steam is established by the design 
of the boiler for the pressure to be carried, so is a fixed 
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figure and it represents the ‘theoretical minimum tem- 
perature of flue gas and should be noted in case an 
investigation of flue gas temperature is made. 

Naturally, the lower the temperature of the air to 
the furnace, other things being equal, the lower will be 
the flue gas temperature. As this air comes from out- 
doors through the boiler room, its temperature will de- 
pend upon outside temperature and heat radiated from 
hot surfaces in the plant. 

The amount of air carried into the furnace influences 
the temperature of gases proportionately, the rate of 
combustion remaining the same, but frequently leakage 
through the setting causes the overloading of the gases 
with air with a proportionate decrease in temperature. 
From the foregoing, it will be noted that flue gas tem- 
perature may be caused by one undesirable condition to 
be too high, yet by another undesirable condition to be 
too low; so that the two coming together may give a 
reasonable temperature, yet poor results. The next 
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FIG. 3. BLANK FORM TO BE USED IN SHOWING RELATION 
BETWEEN OUTSIDE TEMPERATURE AND LOAD CONDITIONS 


item, however, flue gas analysis, the most important de- 
termination being the percentage of CO,, will show up 
excess air, so these two items must be considered together 
and their inter-relationship is shown in a table at the 
back of the issue. 

Ordinarily 12 per cent CO, in the flue gases is con- 
sidered good, yet many plants maintain 15 per cent while 
others, due to individual furnace construction, find that 
the highest combined efficiency is obtained when 10 per 
cent is maintained. Tests only will determine this point. 
A standard, however, should be established and varia- 
tions therefrom should be sufficient cause for investiga- 
tion. The points to be looked into are the amount of 
air to the furnace, temperature of the furnace which 
depends upon the rate of combustion and the draft, air 
distribution to the furnace, i. e. whether or not the 
proper proportion is going over the fuel bed, and exami- 
nation for air leaks in the setting. 

Next on the list of items affecting the ratio of evapo- 
ration is the analysis of coal which would include the 
heat value, per cent volatile combustible, per cent fixed 
earbon and per cent ash. Whenever a change of fuel is 
made, this should be looked after carefully, for the fur- 
nace must be properly designed to suit the fuel or the 
results will not be satisfactory. High volatile coals re- 
quire greater furnace volume and more air over the fuel 
bed, while coals high in ash become a burden on the grate 
and are likely to cause clinker if the temperature runs 
high. 


. Powrer GENERATION 


IN THE outline are noted two general items which 
affect the pounds of coal per kilowatt-hour of power 
generated; these are, pounds of steam per pound of coal 
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and per cent efficiency of the generating units. The first 
item has already been discussed, so the second will be 
analyzed. Engine-generator efficiency is influenced by 
the per cent of rated load carried; the variation in effi- 
ciency due to this cause can readily be seen by reference 
to the characteristics of the generator installed and it 
should: be appreciated that for each per cent increase in 
engine generator efficiency where power alone is being 
developed, nearly one per cent is saved in coal. 

Steam pressure also has considerable influence on the 
efficiency of the unit, as will be noted in Fig. 4; a drop 
from 150 to 125 lb. in steam pressure results in a reduc- 
tion of one per cent in thermal efficiency of a noncon- 
densing engine or in round numbers, 7 per cent increase 
in steam consumption, with a condensing engine the same 
drop results in an increase of approximately 4 per cent. 
Even a 10-lb. drop will result in an appreciable loss of 
approximately 2.8 and 1.6 per cent respectively of the 
steam used for power generation. 

Effects of variations in back pressure are more seri- 
ous than equal changes in steam pressure as will be 
noted in Fig. 5 so the need of keeping these pressures 
proper for the design of the plant can well be appre- 
ciated. Both of these pressures are; within limits, under 
the control of the operatives; so wide variations should 
not be tolerated, as they can readily bring the steam 
consumption above necessary requirements. 

The mechanical adjustments of the engine are cause 
for a great deal of waste of steam, particularly when 
the exhaust goes to atmosphere or to a condenser. For 
detecting these, the steam engine indicator is the most 
reliable instrument and its frequent use will point to 
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valve leaks, slipped eccentric and other defects of valve 
setting before the trouble has caused the waste of steam 
a great length of time. Excessive friction, poor aline- 
ment, and other mechanical defects will make themselves 
known by hot bearings, knocking and groaning so that 
they usually demand attention immediately and are not 
difficult to locate. 

If the plant is equipped with some means for measur- 
ing or even estimating the amount of steam used by the 
separate units, it will not take long to establish a stand- 
ard of steam consumption per kilowatt-hour developed 
to be used as a daily check on operation. 


Heatine SystEM 


CONSIDERING now the items which affect the number 
of pounds of live stem used for heating purposes, the 
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first one given is the power load. Without any power 
load, heating would necessarily have to be done entirely 
with live steam; as the load increases, more exhaust 
steam is available and less live steam will be used unless 
temperature conditions change. Thus many office build- 
ings are heated by live steam during the night; but in 
the daytime when the power load runs up, sufficient 
exhaust steam is available to maintain proper tempera- 
ture conditions. This power load is not under the con- 
trol of the engineer, therefore it must be accepted as it 
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Fig. 5. 


comes; but its influence should be noted each day for 
; unusual conditions. ; 

The time during which the live steam is turned on 
influences almost in direct proportion the amount of 
steam used, so this item is of principal importance. 
When checked against the power load, it will be noted 
that power and live steam for heat alternate with some 
overlapping during cold weather. Careful compari- 
sons will enable the engineer to predict his live steam 
heat requirements from weather and load conditions, 
this being the case he can give definite directions to turn 
on or off live steam when certain temperature and power 








FIG. 6. ISOEFFICIENCY CURVE OF A CENTRIFUGAL PUMP 


load conditions are reached. These must be established 
for each individual plant. 

As the heat in steam depends upon the pressure, the 
amount of steam required to heat a building also depends 
upon the pressure at which it is delivered. Increasing 
the back pressure decreases the efficiency of the engine 
also decreases the amount of live steam required for 
heating, so a definite standard should be decided upon 
and this maintained with but little variation. Another 
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principle of heating with exhaust steam is that by lower- 
ing suction pressure on the vacuum pumps more heat 
can be radiated from the return water. The reason 
for this is shown by saturated steam tables where a drop 
of one pound absolute in the steam pressure indicates a 
lower heat content of the liquid of approximately 314 
B.t.u. per pound. Here again standard practice should 
be well defined. 

It is not uncommon that the amount of space requir- 
ing heat will vary from time to time and if an accurate 
check on the heating system is desired, a record of the 

¥ space heated should be kept for comparison. 

« Above all other conditions, that of the weather is 
& the most influential in determining the amount of live 
© steam required and it will affect no two buildings alike, 
¢« So here is a place where individual investigation is re- 
S quired. Outside and inside temperatures, wind direction 
and velocity and the percentage of humidity each has 


WY. 




































; S \ Wo 

. AN 
AS \ 
/ 314" \ \ \\ \\\ 5 

x \ \\\ 

| VENTURI METER Pet i\ 
| Hf] THOUSAND (8. PER WAL \\\\\\ 
ig tT i Phas -20( nee, 
- LiL Peay 1-18 1916 SHEEN i ] 6 
an \\N\\t tea 619747 OP 
| \\ 
\G 

\ \ \ ; 

\ \ 

; \ 

\ Ws 

q SS y d 
SS 
\ 
‘ S 
<7) 
\ oY 
S Ys 
’ SL 
~~ sHomangs = = aa 
Se 5 ; 


FIG. 7. COMPARISON OF FEED WATER FLOW ON THREE DAYS 


ONE YEAR APART 


its influence on heat requirements and with study and 
comparison a correction factor for temperature can be 
worked out for the different wind directions and veloci- 
ties, also humidity. For practical purposes, the inside 
temperature may be considered constant, as it should be, 
which will reduce the problems. 
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Ir WOULD BE manifestly impracticable for the aver- 
age chief engineer to investigate every item in his record 
every day, therefore the following plan is suggested, 
which will make the work comparatively rapid yet give 
the engineer full use of the records. 

It is not sufficient that the economy of the plant 
remain constant; it should increase, so when standards 
are set up they should not only be maintained but im- 
proved and the road to improvement is by studying 
details separately, making slight changes and watching 
results. If improvement is made, the change could be 
increased until a decline is noted; the maximum point 
then is established as the correct condition to maintain. 








POWER PLANT 
ENGINEERING January 1, 1920 


SECTION 2 SECTION / 


S SS SUPERHEAT 
wy ~ 


8 
seg DEG. FAR 


~ 
~) 


RATION 
Nn N N ~N 
& & lk & & 
y | 
PRESSURE LB. | GAGE 
aN 


~ 
NS 
~ 


§ 
BS 
= 
Sas 
H 
< 
x 
v 
N 


= 7310 1300 1290 1280 1270 1260 1250 1240 1230 1220 1210 1200 1/90 
al Aa TOTAL HEAT B.T-U. PER LB. 


7 c ANT 


~ 
S 
8 


© 
S) 


WATER PEAR LB. FUEL 
® 
SN S 


~ 
S 
d 
8S 


PER CENT COYIBINED EFFICIENCY 
USING CUFT. WATER PER LB. FUEL 


© 
S 


8 


200 190 4 
FEED WATER TEP, DEG.F 


PERCENT COLPIBINED EFFICIENCY USING 48. 


SECTION 3 SLC7/IONW # 
CHART FOR FINDING THE COMBINED BOILER, FURNACE AND GRATE EFFICIENCY WITH FEED-WATER 
MEASURED IN POUNDS OR CUBIC FEET 





POWER PLANT 


January 1, 1920 


So each day the outline given should be followed 
while examining the daily record and compared with the 
standards which have been established. A substantial 
variation above or below the established standard in any 
one of the three main items will point toward the detailed 
items to be examined. If above the standard, there is 
an apparent improvement and if the condition causing 
that improvement is controllable or semicontrollable, 
there is a chance to make that condition permanent in 
the operation of the plant with beneficial results. On 
the other hand, if the standard has not been reached 
the detailed items which affect the over-all result are 
examined and compared with their standards until the 
offending item or items have been found and proper 
instructions given or changes made to remedy the 
trouble. [ 
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The time required to compare operating records with 
the main items and their standards, then to follow the 
unsatisfactory item into its subdivisions and make com- 
parisons here with standards and again go into the de- 
tails would take but a few minutes of the engineer’s time 
and with properly kept records and instruments, the 
plant would be kept up to its highest efficiency at all 
times. 


Power AND STEAM UsiING EQuiIPMENT 


So Far, consideration has been given only to the 
power and steam generation of the plant. This, how- 
ever, is only part of the problem of record analysis, as 
much of the machinery about the plant is driven by 
steam or electric power and these uses should be made 
as economical as possible. So for each pump, engine, 


62 WEIN IS \ 17 
46 4¢ 


Ho 7 8 9 
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OF THE CIRCULATING WATER, THE DEGREE OF VACUUM, AND THE CIRCULATING WATER PER 
KILOWATT-HOUR ARE KNOWN 


The big problem in any plant is to establish the origi- 
nal standards and this cannot be done in a day, but will 
take a year or more of constant observation and even 
after they have been established, changes in equipment 
of the plant will indicate changes in operating conditions 
that should be made; so the process is continuous, but the 
basic principles can he observed. 

To aid in establishing standards and making analysis, 
the last pages of this issue are devoted to charts and 
tables dealing entirely with operating conditions; these 
tables are thoroughly indexed, so that when it is desired 
to know what effect a change in one condition will have 
upon other conditions, reference to the index and tables 
and charts will answer the question. 


motor or steam or power using device a standard of 
service for comparison should be set and followed up 
carefully day after day. 

Such machinery should be run at its highest effi- 
ciency wherever possible and only by tests can these 
conditions be determined. The data collected on the 
record sheet should be such that it.will give an indica- 
tion of the running efficiency though detailed conditions 
need not be recorded; but when continued inefficiency 
is obtained, a special test is in order to determine the 
cause. 

In all the records suggested for auxiliaries and equip- 
ment, the time of starting and stopping and the hours 
in service will be found to occupy a prominent place. It 

















is upon this and the load carried that the program of 
operation is based and where the choice of several ma- 
chines is given, a carefully worked out scheme can be 
devised to maintain high efficiency by working the 
machines at as nearly their maximum point of efficiency 
as possible. Isoefficiency curves such as shown here for 
a centrifugal pump will aid in this direction. 

To reduce the cost of service rendered by a power 
plant, it is necessary to plan an adequate record, to 
install the instruments necessary for keeping the record 
and guiding the operatives, to keep the records up to 
date, to establish standards of operation, to compare 
daily operation with these standards, to determine causes 
for variations, to correct errors in conditions and cause 
changes in equipment which will increase efficiencies. 

Records kept and curves drawn without determining 
the causes for variations and correcting of faulty condi- 
tions which are under the control of the operatives will 
get nowhere and the time of keeping them is a practical 
loss; but with the method outlined above, the tax on time 
is a minimum and the record becomes a positive index to 
faulty conditions. 

With graphic recording instruments, a scheme of 
comparison employed in some plants is to use the charts 
three times a year apart, thus in Fig. 7 is shown a chart 
taken from a feed water meter. In the plant from which 
this was taken, the load varies with the day of the week, 
so the charts compare conditions on the same day of 
weeks one year apart. This scheme will prove an aid in 
many plants where changes in equipment have not been 
made. 

Among the more recent aids which have been devel- 
oped for rapidly determining how nearly the equipment 
in the plant is coming to the theoretical and for rapid 
calculation of formulas which are somewhat involved are 
calculating charts. These may be designed to solve 
almost any mathematical formula but are most valuable 
where the formula contains factors that require reference 
to perhaps two or three different tables or where the 
mathematic are involved. 

As examples of calculating charts designed to aid in 
keeping operation up to standard, Figs. 8 and 9 are 
given. The boiler, furnace and grate efficiency is seldom 
worked out except in the largest plant. The reason for 
this is no doubt because of the work involved and the 
tax on the engineer’s time. With the aid of a chart such 
as Fig. 8 the time required is only a minute when the 
steam pressure, feed-water temperature, heat value of the 
eoal and the ratio of evaporation are known. 

The chart is based on formula: 

F X w X 970.4 & 100 





Per cent combined efficiency = 
W X B.t.u. 
In which F = factor of evaporation 
w= weight of water in pounds. 
W = weight of coal in pounds. 
B.t.u. = heat value of one pound coal. 

The method of using the chart is shown by the dotted 
lines starting with A and B. 

Figure 9 is convenient for estimating the water rate 
of a condensing engine or turbine where no steam meter 
is available for measuring the steam to the unit; it is 
necessary, however, to know the amount of circulating 
water used, the kilowatt hours developed, the vacuum 
carried and. the temperature of the circulating water. 
The heavy lines with arrows show how the chart is used. 
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In the development of this chart it is assumed that the 
transmission of the heat is perfect, as would be the case 
with a jet or barometric condenser. 

By the use of such aids, the interrelationship of 
operating data is made known in a way that can be done 
in almost no other way, certainly not by the working of 
isolated single problems. 


Back Pressure Gage Piping Trouble 
THE SKETCHES show how we connected up a back 
pressure gage to our 18-in. exhaust line and could not 
get a reading in either position. We first connected it 
up as shown in Fig. 1. There was a 1%-in. coupling 
welded into the top of the 18-in. exhaust line under the 
floor of the engine room, which was reduced to 14 in. 
To this was connected a short 14-in. nipple and valve, a 
14-in. piece of pipe with ell, a 9-ft. horizontal run with 
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BACK PRESSURE GAGE CONNECTION TO EXHAUST PIPE 


about a ‘3-in. fall toward the source, another ell and 
straight up through floor about 6 ft. to the back pres- 
sure gage. The gage registered 2 lb. when the 14-in. 
valve was first opened, but later dropped back to zero. 
We opened the pet cock below the gage and nothing 
came-out, while exhaust steam was flowing freely from 
the exhaust head on the roof. We then took the pipe 
down to the 14-in. valve and found it full of water, 
which led us to believe that water would not run back 
the 9-ft. horizontal piece. We then connected the gage 
directly above the outlet in the pipe and carried it back 
against the wall in 45-deg. bends, as in Fig. 2, and it 
acted the same as in the first case. The pipe filled with 
water and would balance the pressure. 

It had us puzzled for a while; why a gage would not 
register through a 14-in. pipe. We took down the pip- 
ing again, and that night when we shut down, we took 
out the 1%4 by 14-in. bushing and put in a 1-in. short 
nipple and valve. We put the 14 by ¥4-in. bushing in 
top of the valve and then connected the 14-in. pipe to 
the gage, and it has been registering correctly ever 
since. This shows it was the 14-in. valve that was caus- 
ing all the trouble; the passages were too restricted. 

JOHN WILLIAMS. 
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Improvements and Replacements 


HE END and aim of improvements in a power 
plant are two, namely, to reduce the cost of pro- 
ducing power (and heat ordinarily) and to improve 

the reliability of service. 

It is necessary before considering the purchase of 
new equipment, that the present plant be brought up 
to the highest operating efficiency possible by methods 
such as have already been suggested in these pages. 

Throughout the operation of the plant, endeavor has 
been made to increase the output, decrease the unit costs 
and maintain steady, reliable service; and it is apparent 
that the limit in this direction has been reached. 


Way Instatt New EQuipMENtT? 


NEW MACHINERY or construction that will reduce 
present unit costs and improve the quality of service 
must do so by increased efficiency of operation over that 
possible with the use of existing equipment. 

Increased efficiency of operation will reduce costs by 
saving in the cost of one or all of the items of fuel, sup- 
plies, labor and repairs and renewals. Investments for 
new equipment will be induced likewise by saving in the 
fixed charge of amortization for depreciation, insurance, 
taxes or rent and management. 

When improvements will permit us to do the same 
work at less cost than is possible with existing facilities 
we say that the latter are obsolete, inadequate or physi- 
cally run-down. 

Obsolescence as has been explained in another sec- 
tion, cannot be predicted and is due to the invention 
of more efficient machinery. Obsolescence should not 
be confused with depreciation due to wear and tear. 
The increased cost of repairs due to long service may 
cause equipment to depreciate physically to such an 
extent that it is cheaper to sell it for its salvage value 
and buy a new machine of the same identical make and 
kind whose upkeep expense will be such that as com- 
pared with the old it will justify the investment of new 
capital. Such wear and tear, called natural or physical 
depreciation, can be predicted by past performances, 
and a depreciation or renewal reserve fund provided 
to take care of it so that the expiration of the physical 
life of the old unit finds us with sufficient funds on hand 
to purchase a new one of the same kind. 

Obsolescence, on the other hand, will frequently de- 
mand that a unit which has been doing its work as 
economically as it was designed to do, which has entailed 
only slight repair charges, and which has many more 
years of useful life remaining, be scrapped and replaced 
hy some other type of equipment which has been found 
to do the work more economically and satisfactorily. 

Replacements of reciprocating engines by turbines, 
of small turbines by larger turbines, of hand firing by 
mechanical stokers, of hand regulation of feed water by 
automatic regulation and similar substitutions through- 
out the power plant are examples of the effect of obsoles- 
cence or economic depreciation. 

It is true that natural depreciation, on account of 
repair and renewal expense, may have increased to such 
an extent that new equipment of any kind which will do 
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the work more economically must be purchased; it is 
frequently therefore an item of great influence which 
may cause the buying of a different type of machine 
than that which has been used. When purchasing, we 
would without question, buy the most up-to-date equip- 
ment on the market, provided it could be installed, and 
which would, ordinarily, be not only more economical as 
concerns expenditures for repairs, but likewise more 
efficient in other respects because it has improvements as 
a result of invention and discovery. In this way the 
wear and tear due to physical depreciation is an influ- 
encing element, which is frequently of great importance 
when replacement on account of obsolescence is to be 
considered. 

On the other hand there are many instances where 
despite large expenditures for repairs it is better to keep 
the old equipment running than to purchase new because 
the savings due to increased operating efficiency do not 
equal the loss occasioned by the expense of removal of 
the old equipment and the annual charges on the more 
expensive new equipment. It is then simply a case of 
retaining the old equipment a little longer until repair 
bills inerease in still larger proportion, so that replace- 
ment is justified on this score, or if these remain fairly 
constant, until the invention of another machine which 
is enough more efficient than the one just considered, to 
warrant the replacement. 

Another important factor which enters into a dis- 
cussion of the need for improvements is that of the 
adequacy of present facilities. 

The future growth of the demand for a plant’s out- 
put can, in some cases, be predicted on the basis of past 
records, and many power plants are designed accord- 
ingly. 

The needs of industry, however, are so varied and 
are subject to influence by such diverse factors, espe- 
cially in a new and growing community, or a new 
industry, that caleulations based on past demands for 
power are of doubtful value and the average designer 
of power plants is justified in providing machinery ade- 
quate only for the natural expected growth in the imme- 
diate future. By the time that the natural growth of 
the demand on the plant has exceeded its available out- 
put more up-to-date and economical machinery, accord- 
ing to the past record of development in the power plant 
field, will likely have been invented; additions to the 
power generating equipment naturally should be of the 
newer type, therefore interest on money which has been 
tied up in unused machinery would be lost in any case, 
and if such equipment became obsolete in the meantime 
the loss of a large portion of the capital investment 
would also be incurred. 

The wise engineer, therefore, does not build too far 
into the future; he limits his investment to needful 
equipment, and consequently we find the capacity of the 
power plant overtaxed rather than the contrary. 

In our discussion thus far we have seen that the 
question of improvements, how and when they should 
be made, depends on any one, two or all of three factors 
—(1) obsoleseence—(2) inadequacy—(3) natural or 












physical depreciation—and efficiency as related to all 
three. These will now be discussed in greater detail 
and methods pointed out by means of which the engi- 
neer can determine when machinery should be replaced 
or new machinery added; when equipment has reached 
its limits of usefulness by wear and tear, obsolescence 
or inadequacy. 


REPLACEMENTS DUE TO OBSOLESCENCE AND INADEQUACY 


To compareE the relative economies of the old unit 
and the new the method known as the method of annual 
expense will be used. 

The annual expenditure for operation of any unit 
consists of three factors, namely (1) interest on capital 
invested, (2) equated annual cost of operation includ- 
ing cost of labor, fuel, repairs, taxes, etc., (3) an annual 
payment into a depreciation fund which if left to accu- 
mulate with other similar payments would, at the ex- 
piration of the life of the unit, be equal to the cost of a 
new unit. 

That the first two factors mentioned above are items 
of expense will be readily conceded. The nature of a 
depreciation fund, what it is, why it should be con- 
sidered an item of expense and how payments into it are 
made is a matter of considerable controversy and requires 
some explanation. 


THE NATURE OF DEPRECIATION F'uUNDS 


BriEFty, then, a depreciation or reserve fund is used 
for the purpose of keeping the initial investment intact. 
The minute a piece of equipment is installed in a-power 
plant it begins to depreciate in value because of obsoles- 
cence, inadequacy or physical depreciation which have 
been defined heretofore. Now then, if the plant is sup- 
plying power and light to a manufacturing plant, for 
instance, and we figure the cost of furnishing the power 
on a basis of interest on investment and cost of opera- 
tion alone, the time will come when the plant unit has 
depreciated to such an extent that it requires renewal 
and we must have capital with which to buy the new 
unit. 

We cannot add this new capital to our previous 
investment and say that as we have added $1000 to the 
original $1000 investment, we have $2000 and therefore 
our interest charge should be based on that sum, because 
our initial investment has been wiped out; the machine 
is scrapped and we only have a total of $1000 all told 
(assuming for the purpose of this discussion that the 
scrap value is 0) invested in producing equipment. Are 
we to charge this $1000 in scrapped equipment to loss 
and deduct it from dividends? Manifestly this is not 
just, because we have a right to expect that the loss in 
productivity of our equipment will be paid for by the 
user of power. Therefore we shall be paid by the user 
of our power or light annually or charge against his 
department, a sum, in addition to interest on capital 
and cost of operation, such that the value of our original 
investment will remain intact, so that at the expiration 
of the life of the unit, we will have a fund equal to the 
cost of a new replacement unit and can retire the old. 

If we do not include this depreciation charge, we are 
figuring our costs too low and the user of our power 
is getting the benefit of our error, and if we do not pro- 
vide a separate fund in our accounting system so that 
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a certain sum will be set aside out of surplus for re- 
newals, we will declare larger dividends than justifiable 
and subsequent dividends, when the plant is at the end 
of its life and is about to be renewed, will suffer accord- 
ingly. 

Although engineers and accountants are practically 
agreed as to the necessity for a fund they are divided 
as to the method to be used in providing it. 


Two GENERAL SySTEMS FOR ESTABLISHING DEPRECIATION 
Funps 


THERE are two general systems in use to establish 
depreciation reserve funds, known respectively as the 
straight line method and the sinking fund system. In 
each case a sum is set aside annually to accumulate until 
the expiration of the life of the unit, and in each the 
total amount so set aside will be equal to the original 
investment. At intermediate points, however, the amount 
in the depreciation fund on the straight line basis will 
be greater than the amount on the sinking fund basis 
and inasmuch as our problem is to find when in the life 
of the plant it has ceased to be economic it is important 
that we determine just how far this difference in the 
annuities will affect our decision. 

The amount set aside on the straight line basis is 
found by dividing the first cost less the scrap value by 
the estimated total life in years to give the depreciation 
annuity. 

Suppose we have a unit costing $100, which has a 
scrap value of $13 and an estimated life of 19 years. 
The depreciable value is 100—13=—87. The annual 
payment will be 87 --19— $4.58. This system com- 
mends itself on account of its simplicity of application, 
but fault is found with it as being inaccurate and not 
comparable with actual conditions. It is inaccurate 
because no account is taken of the interest earned by 
the depreciation fund, which, in this case if compounded 
annually at 5 per cent would amount to $39.15 and we 
would therefore be charging too much by that amount 
for the use of our product. We might assume that the 
fund is not invested, but this is not likely: either the 
amount so set aside will be invested in the plant and 
earning the same rate of interest as the other money 
invested in the business, as is customary in most plants, 
or it will be placed as a separate fund in a bank to 
draw compound interest: Therefore we must reduce our 
payment of $4.58 so that it-with its compound interest 
will amount to $87; such a payment will be $2.85 which 
is the same as that required on the sinking fund basis. 

With the sinking fund basis an equal sum is set 
aside annually to draw compound interest. The capital 
remains fixed so that interest charges are constant and 
therefore total of interest and depreciation is constant 
during the life of the unit. The depreciation annuity 
of $2.85 accumulates yearly until at the expiration of 
life it amounts to $87.00 which added to the $13.00 
serap or salvage value makes up the $100 needed to buy 
a new unit. In this case our depreciation annuity is 
found from ordinary sinking fund tables or by the 
formula: 


r 
D = —_____—_ 
' (1+r)*%¥—1 
in which’ D= amount set aside annually for each dol- 
lar of cost 
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r= rate of interest 
N= years estimated life of plant. 


The sinking fund methods can be shown to be much 
more equitable for use in the computation of deprecia- 
tion reserves than is the straight line formula and will, 
therefore, be made use of in further discussion. 


In developing formulas for comparing the annual 
expenses of a new and the present unit, we find there- 
fore, interest on capital invested, equated annual cost 
of operation, and the depreciation annuity to be the 
three principal factors. We will use as the basis for 
comparison the unit cost depreciation formula, devel- 
oped by H. P. Gillette. 

In the following by the term ‘‘old plant’’ is meant 


PLANT 
65 


F = Functional depreciation annuity rate for new 
plant. 

f= Functional depreciation annuity rate for old 
plant. 

K = Total equated or true annual cost during entire 
life of new plant. 

k = Total equated annual cost during remaining 
life of old plant. 

N = Total life of new plant in years. 

n = Remaining life of old plant in years. 

R= Interest rate plus functional depreciation rate. 

r = Interest rate including risk insurance, taxes, 
and proprietary supervision (management) not 
included in F, f, E, e. 
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the present plant or plants units; by ‘‘new plant’’ is 
meant the most economic new plant or unit which could 
be purchased. 
In this formula capital letters refer to new plant, 
small letters to old plant. 
C = First cost of the new plant. 
e = First cost of the old plant. 
D= Depreciation annuity for total natural life. 
d = Depreciation annuity for remaining natural life. 
E = Equated annual operating expenses (including 
taxes) during entire life of new plant, inclusive 
of cost of repairs and natural depreciation, but 
exclusive of functional depreciation annuity. 
e == Same for old plant during its remaining life. 


S = Salvage value of new plant. 
s = Salvage value of old plant. 
U= Unit cost of product of new plant. 
u= Unit cost of product of old plant. 
v = Depreciated value of old plant. 
Y = Annual output in units, new plant. 
y = Annual output in units, old plant. 
from which we have: 
K ere S)F 
UF ais Sees 
Y 
k 


y 





= 
vr-+e-+ (v—s) f 





u 


and 
y 
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Now if the unit cost, u, of the old equipment is more 
than the unit cost, U, of the product of the new equip- 
ment, it will pay to purchase the new one. On the other 
hand where u is less than U the present plant is cheaper 
to operate. It is a plain case of substitution in the above 
formula. When the production cost in the old unit is 
equal to that in the new a condition of equality exists 
which enables us to make certain decisions of value. 
Thus we can say that the old plant is as economical 
of operation if its unit annual cost of production is the 
same as that of the most economical new plant or 
Cr+E+(C—S)F  vr+e+(v—s)f 





(3) 
- y 

if the right hand member of the equation is less than 

the left hand member it is cheaper to retain the old unit; 

if it is greater, then it is time to sell or scrap the old 

and buy the new unit. 

We can look at the problem also this way: If it 
is time to replace the old equipment with the new it 
has reached the end of its economic life, in other words 
its depreciated value is equal to its scrap value and 
v=s, therefore the equation becomes 


Cr+E+(C—S)F _ rs+e 





(4) 
Y y 

which expresses the relation when the old plant has just 

reached its age of retirement. If the new plant is more 


economic than the old 
rs+-e 
K. (5) 
Y 


Cr+E-+(C—S)F 
y 

If the new and old units have the same output Y=y 
and equation 4 becomes: 

Cr+-E+(C—S)F =—rs+e (6) 

It will be observed then that a depreciation annuity 
is not computed for the old plant to be compared with 
a term of like kind in the left hand member of the 
equation, and this is explained as shown before, by the 
assumption that the old plant can be purchased at a 
value, v, which can be no greater than its salvage value, 
s, if the plant has reached the limit of its economic life. 

In order to apply this formula to a test problem 
it is necessary that we understand just what the sym- 
bols in it stand for. 

We know that C= First cost of a new plant unit, 
r=rate of interest, including risk insurance, etc., but 
not including the depreciation annuity ‘‘F.’’ E is the 
equated annual (not average) operating expenses for 
a period of years, formed by the sinking fund method 
of calculation. This is done by taking the total cost 
of repairs, labor and other items for the first year and 
finding what this would amount to at compound interest 
for the years remaining in the estimated life of the 
plant. Similarly the operating expenses for the sec- 
ond, the third and the fourth year are each eompounded 
for the total life of the plant. All these compounded 
repair costs are then added and multiplied by the annual 
deposit in a sinking fund which if started at the begin- 
ning of the life will equal $1 at the expiration of the 
economic life of the plant unit. The resulting product 
is the equated annual operating cost. 

F, the functional depreciation rate, is the annuity 
set aside, the same as insurance premiums, each year 
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for the estimated economic life based on the years that 
a unit of this class remains in use before it becomes 
obsolete or inadequate and is replaced by an improved 
or larger unit. Wear and tear or physical depreciation 
is not included in the functional annuity. The history 


‘of most power plant equipment has shown that it has 


become obsolete long before it has depreciated seriously 
on account of physical wear and tear and although most 
so-called ‘‘life’’ tables showing average estimated life 


of power plant units do not specify whether physical or 


economic life is meant, except in the few cases where 
obsolescence and inadequacy are obviously not the rea- 
son for scrapping the equipment, it may be assumed 
that the ‘‘lives’’ given are functional and the deprecia- 
tion annuity corresponding to this, used accordingly. 
The functional depreciation rate is taken from sinking 
fund tables arid is the amount which annually com- 
pounded at the interest rate ‘‘r’’ will redeem $1 at 
the conclusion of the estimated functional life ‘‘N’’ years. 

In order to show the applications of this formula we 
shall assume the following conditions: 

The unit is 4 yr. old; we find that a new unit has been 
invented which seems to be more economical; it has an 
estimated life of 15 yr. while our old unit has apparently 
reached the end of its economic life. The cost of the 
new unit will be $500. Its scrap value will be $100 
which is also the scrap value of the old unit. The rate 
of interest will be taken as 4 per cent although rates 
from 6 to 8 per cent are common. According to our 
records the operating expense of the present unit includ- 
ing a physical depreciation annuity based on its assumed 
physical life, follows: 

Ist year... .$300 
2nd year.... 325 
3rd year.... 375 
4th year.... 450 estimated. 

The estimated equated operating expense of the new 
plant will be $275. Are we justified in scrapping the 
old unit for the new? 

We have equation 6: 

Cr+E+(C—S) F=—rs+e 

Substituting: C = 500; r= .04; E = 275; S=100; 
F = .04994; e = 375. 

Then 

354.98 < 400.08 

Hence we shall save 400.08 — 354.98 or 45.10 an- 
nually by scrapping the old and buying the new 
equipment. 

45.10 
This sum capitalized at 4% == ——— = $1127.50, or the 
0.04 
actual present worth of the change. 

We have assumed that the number of units of pro- 
duction is ‘the same for the new as for the old unit. 
In most eases this is not so, as the new unit generally 
has a greater volume of production than the other. Sup- 
pose in our case the new unit produced 100 items as 
against 60 for the other. Then our unit cost of pro- 








354.98 
duction would be == $3.55 in the first instance, 
100.00 
400.08 
and = $6.67 in the other, or a saving of 
60 
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3.12 
= -—— over the original cost —46.8 per 
6.67 


6.67 — 3.55 


6.67 
cent. 
In order to make the method of equating operating 


expenses a little clearer we show herewith the actual. 


computations used in the preceding example. 

The equated annual operating expense of the old unit 
is computed as follows: Total estimated economic life 
= 4 year. : 
Compounding 
Principal- period, years Rate) 

300 3 1.1249 
- 325 1.0816 
375 


1.04 
450 1.00 


Amount 
337.47 
351.52 
390.00 
450.00 

Total, 1528.99 
Amount which if invested at 4 per cent compound 
interest will accumulate $1 at the end of 4 yr. is 

0.23550). Multiplying this by 1528.99 gives 360.08 

as the equated annual operating expense. In this the 

average annual operating expense computed as ordi- 
300 + 325 + 375 + 450 





narily would be = 362.50, a 


4 
difference of $2.42 which is not a material difference. 
If the annual operating expense had been the same in 
each year then the average annual expense would have 
been the same as the equal annual expense. 

Although some engineers and accountants attempt to 
use the straight lines or sinking fund formula for the 
purpose of arriving at the actual value of a depreciated 
plant it can be shown that except in a few special cases 
where there are many units of all ages in all stages of 
depreciation, such for instance as railroad ties or tele- 
phone poles, the use of these formulas is not warranted. 
In the case of many similar units we can say for instance 
that if they are all of equal value and in all stages, 
from new to those being taken out of service, that their 
average depreciated value is 50 per cent of the original 
cost. We know however of many units which, when 
half of their estimated life has expired, are certainly 
worth more than half of their original cost, which is 
the value placed upon them by the advocates of the 
straight line system because depreciation annuity = 
c—Ss N 
——— Therefore where n = — 


2 
C—S N 


Depreciation to date = Fs aoe 


And the total remaining value is taken 
- C—S C—S§ 
as (C—S) — oa 
2 2 
The sinking fund formula is likewise in error by an 
equally similar assumption unless it can be shown that 
operating and repair expenses have been uniform which 
is rarely if ever the case with depreciated plant. 
So we again make use of the unit-cost depreciation 





1. From compound interest tables based on the formula (1+ r)", in 
which n=number of year. 
2. From sinking fund formula based on the formula 


Gare—r in which n is the same as above. 
og — 
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formula, and when Y = y and S=s and F=f as they 
frequently do, then we can write equation (3) in this 


form: 
e—E 


(7) 
r+f : 
Therefore, if the operating expenses of the new unit 
are equal to those of the old, the expression 
e—E 


r+f 
in this equation becomes equal to zero and equation (7) 
becomes 


v=C— 


v=C 

Or the depreciated value of the old unit is equal to 
the cost of the new unit; therefore 

“‘Tf it cannot be shown that the substitution of a new 
plant unit or group of units will decrease average ex- 
penses, then the value of the old unit is as great as the 
value of a new plant unit.’’ 

As a practical application of the foregoing equations 
let us suppose that we have a plant unit which has been 
running along for a number of years and we desire to 
find its present value, knowing the cost of the most 
economical plant of equal capacity, and its estimated 
equated annual operating expense, and the equated an- 
nual operating expenses of our present plant from our 
records. Let C $1500, E, the estimated annual ex- 
pense not including the functional depreciation annuity 
but including the natural depreciation _annuity = $50, e 
for the old plant = 80; r= .04, f = .02 

80 — 50 

Then v = 1500 ———_———_- 

04 + .02 
or the depreciated value of the old plant is $1000. 
REPLACEMENTS Dur To NATURAL DEPRECIATION 

IN THE preceding discussion on obsolescence and 
inadequacy we have considered the criterion by which 
we are able to determine when the invention of a more 
economical type of machine makes it advisable for us to 
substitute it for our present equipment. Relative ope- 
rating expenses constitute the hub of the discussion, and 
among these expenses is the cost due to repairs and nat- 
ural depreciation which in some cases may therefore be 
the principal contributing factor that makes a modern 
unit more economical of operation than the older one. 
That repair expense is not a factor in many cases we 
know because it is possible that a machine has been pur- 
chased just before a newly invented one, which may 
revolutionize an industry, has appeared on the market. 
It is possible therefore that without spending a cent 
for repairs our newly purchased machine has suffered 
75 per cent functional depreciation. Just how much 
value it has lost we can only determine by using equa- 
tion (6) in which the total operating expense (and in 
this case the repair item will be nil) is the basis by which 
the relative economy is determined. 

On the other hand there are cases in which obso- 
lescence does not cut any figure—those cases in which 
the standard of efficiency for certain types of unit, such 
as boilers, Corliss engines, etc., has apparently reached 
its practical limit—and where physical depreciation of 
a unit due to wear and tear has progressed to such a 
point that the question comes up as to whether it is 
advisable to scrap the old unit and buy a new one of the 


= 1000 
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same or approximately the same kind. We will assume 
then that our worn out unit is neither obsolete nor in- 
adequate, but that wear and tear only have caused it 
to appear to be less efficient than a new unit of the same 
kind. 

Equation 5 


Cr+E+(C—S)F vr+te+(v—s)f 





Y y 
can then be rewritten, inasmuch as the functional depre- 
ciation is non-existent and factors F and f= 0, in the 
form 


Cr+E vr+e 


(8) 
Y y 
In using this formula C is the cost new of a plant 
unit of the same size and class as the old unit whose 
depreciated value is v, E is the equated annual operat- 
ing expense including a depreciation annuity required 
for a sinking fund to equal the full wearing value 
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ceased to be economical, its value is no greater than its 


salvage value and v=s. 
Therefore Cr + D(C—S)+M rs+m 





(12) 
Y y 
If the old unit produces as many units of product as 
the new, Y —y and we have 
Cr+ D(C—S)+M=rs+_m (13) 

To illustrate the use of this formula we will assume 
the following: 

Cost of new plant unit = $2000. 

Estimated life = 40 yr. 

Estimated equated annual cost of operation new 
unit = $300. 

Rate of interest — 4 per cent. 

Equated annual operating expense old plant unit 
from records = $360. 

Salvage value new and old plant = $400. 

Then C= 2000; r—.04; D=0.01052; M = 300; 
m = 360; s = 400 
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(C—S) during N years total natural life of the unit. 

Similarly e is the equated annual operating expense 
of the old plant including the depreciation annuity re- 
quired for a sinking fund to redeem the remaining wear- 
ing value (v—s) during the remaining natural life of 
n years. We accentuate the annuity items to impress the 
idea that these are for natural life and not functional 
life. Inasmuch as most life tables are apparently based 
on functional life they are practically valueless in mak- 
ing up physical depreciation annuities and the physical 
life must be carefully worked out. 

Then if M and m are the annual operating expenses 
other than depreciation of the new and depreciated units 


respectively ; 
E=D(C—S)+M _ (9) 
e=d(v—s)+m _ (10) 
and formula (8) can then be written. 


Cr+ D(C—S)+M vr +d(v—s)+m 


(11) 





x y 
but when the old plant has depreciated so that it has 


AGE OF UNIT IN YEARS 


FIG. 2. CHART SHOWING HOW TO DETERMINE WHEN TO DISCARD A UNIT ON ACCOUNT OF PHYSICAL DEPRECIATION 
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and by substitution 
396 > 376 

Since the right hand member of the equation is less 
than the left it will pay us to retain our present equip- 
ment. In this case we save $20 annually. As soon, 
however, as equated annual operating expenses of the 
present unit increase by $20, we should scrap it in favor 
of the new. 

We have assumed, in the preceding, that the output 
of the two plant units was the same. If, however, they 
are not and Y = 900 and y = 800 then 


396 

— = $0.44= Unit annual cost of production by new 

900 plant unit 

376 

— = $0.47 = Unit annual cost of production by old 

800 plant unit 

and therefore the new plant is the better investment. 
When Y ~y, S=s and D=d 


as they frequently are, equation (11) can be rewritten 
in the form 
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m—M 
v=C— 


r 
which enables us to evaluate an old plant in terms of the 
new. When the second half of the right hand member 
= O then v = C so that we can say: 


If functional depreciation (obsolescence and inade- 
quacy) are absent, and with equal annual output and 
salvage value and equal prospective physical life the 
depreciated value of the old plant unit is equal to cost 
of a new unit of the same kind minus the capitalized 
difference in their equated annual operating expenses 
during the prospective physical life. . 


GRAPHICALLY DETERMINING WHEN REPLACEMENTS 
SHOULD BE MapE 


Usine formula (6) and data from the plant operation 
records we are enabled to plot a graph similar to that 
shown in Fig. 1 whereby we can determine when it is 
time to retire the old plant unit on account of obsoles- 
cence or inadequacy in favor of a more economical unit. 

The annual operating costs are plotted each year. In 
these are included an annuity factor to take care of 
physical wear and tear based on the estimated physical 
life of the plant which ordinarily will be greater than 
its estimated functional life. Other items included are 
the share of the total plant costs for labor and fuel 
which can be assigned to the unit in question, also the 
cost of repairs and supplies and the share of taxes, in- 
surance and other general expense items apportioned 
to the unit. From the annual operating costs are com- 
puted the equated annual operating costs. For most 
purposes, however, the average annual expenses of all 
years up to and including the one in question and 
divided by the number of years, is equal nearly enough 
to the equated annual expense computed on a sinking 
fund basis and which we have described elsewhere, to 
be used in its place. The remaining portion of the an- 
nual cost, the interest on the salvage value of the depre- 
ciated plant is readily calculated. The equated annual 
operating cost and the interest on salvage value make up 
the total of the annual cost which is plotted on the graph 
from year to year. 

On the left-hand side of the graph are plotted the 
estimated annual cost of the most economical unit which 
will do the work of the present one. In this we include 
interest on first cost of unit, a functional depreciation 
annuity based on the estimated functional life of simi- 
lar units, and the estimated annual operating expense. 

It must be remembered that we are not comparing 
the total expenses of two units to determine their rela- 
tive economy. In that case we would also include a 
functional depreciation annuity for the old unit. What 
we are doing is assuming that the going value of our 
present unit has dwindled so that its only value is its 
salvage value and our functional annuity then becomes 
0. The difference in the level of the expense line of the 
old unit as compared with the new in the first years of 
the life of the old unit shows, not that the old unit costs 
less to operate than the new, but, that we cannot afford 
to scrap it since its value to us is greater than its scrap 
value by the difference between the level of A-A and of 
B-B, less the functional depreciation annuity, F (C—S), 
capitalized at the rate ‘‘r.’’ 
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As our annual expense increases the time comes when 
our equated annual expense line B-B crosses the esti- 
mated annual expense line A-A of the most economical 
new unit and it is then time to serap our old unit. This, 
in Fig. 1, is shown to be at or during the ninth year of 
service. Thus our annual expense line enables us to fore- 
tell to some extent the approach of obsolescence or inade- 
quacy of our present unit. 

If a more economical unit than the one we have origi- 
nally considered as the most economical is invented in 
the meantime, our line A-A comes down correspondingly 
and will intersect the line B-B at any earlier date reduc- 
ing the economical life of our present plant accordingly. 

On Fig. 2 we have plotted a similar graph to that 
in Fig. 1, but instead of considering replacements due 
to obsolescence or inadequacy we have considered only 
those due to physical wear and tear, it being assumed 
that our present unit is adequate and that none other 
can be purchased which is more economical than the 
present one, excepting a new one of the same kind or 
type, in other words obsolescence and inadequacy are 
eliminated from the discussion. 

As a functional depreciation annuity does not enter 
into the cost of operation of a functionally obsolete unit, 
and was eliminated on that account, in considering the 
old unit in Fig. 1, so the natural or physical depre- 
ciation annuity is similarly eliminated in the case of the 
old unit in Fig. 2. The other elements of expense are 
substantially similar to those in Fig. 1. The equated 
annual expense has been obtained as previously de- 
seribed but the annual expense has not been shown on 
this chart. 

It will be seen that the equated annual repair expense 
is the deciding factor which determines the physical 
life of the unit; as repairs increase the line of total 
annual costs B-B is forced up until it crosses the line 
A-A at 17 yr., which indicates that the limit of the 
economical physical life of the unit has been reached 
and that it should be replaced. 


UsE AND IMPORTANCE OF RECORDS 


DuRING ouR discussion of the subject of improve- 
ments it will have become evident that records of per- 
formance showing costs and corresponding efficiency and 
quantity of production play an important part in fur- 
nishing data by which to determine when replacements 
are necessary. Mere guess or the use of age-life formu- 
las, without consulting tests and carefully examining 
the records, as is sometimes done, is misleading and mani- 
festly a far from satisfactory method to be used in ascer- 
taining the truth. Tests of a steam engine will deter- 
mine its fuel consumption as compared with that of a 
new engine or turbine. Inspection will show the con- 
dition of bearings, piston rings, packing, ete., and show 
how much will need to be expended for repairs and the 
probable date of renewal. Knowing the corresponding 
costs for a new engine or turbine we will act accordingly. 
Similarly if our records show that the boiler repair costs 
are increasing rapidly and shut downs are increasing 
in number and duration, if our load is continually ex- 
ceeding the rated capacity it is time to consider the 
advisability of scrapping the boiler and with the aid 
of our charts and formulas we can find the true status 
of the ease. 
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Coal Weighing Devices and Meters 


THEIR CONSTRUCTION AND 


MopE oF 





S COAL is the largest single item in the 
cost of production of heat, light, power, 
A and refrigeration, it is vitally important 
that some means of weighing or measur- 
ing this commodity be employed. Instal- 
SEES lation of elaborate and expensive weigh- 
ing devices or meters is hardly war- 
ranted in small plants; but the employment of some 
form of platform scale by means of which each car, 
truck or wheelbarrow of fuel may be weighed is not 
only desirable but necessary for determining the con- 
sumption of coal and to serve as a check against the 
statements of the mine operator or dealer. Gener- 
ally, however, and especially so in the case of the 
larger power houses other methods are preferable and 
particularly so when the weighing or measuring device 
is more or less automatic in operation. 














Fig. 1. AUTOMATIC COAL SCALE WITH DEFLECTOR REMOVED 
TO SHOW FEED HOPPER AND INLET GATE 


A typical automatic scale and one which may be in- 
stalled directly in the path of the fuel either as it is 
delivered to the receiving hopper or bunker, or as it 
leaves the bunker on its way to the stoker or furnace, 
is shown in Fig. 1. After passing through a feed hopper 
fitted with an eccentric driven agitator to keep the fuel 
in motion, the coal passes through an inlet gate from 
which it falls into a weigh hopper carried at one end of 
an equal-arm beam from the opposite end of which is 
suspended a weight box. These, which are of equal 
weight, balance one another when empty. 

On intermittent-service scales, a throw-out gear or 
clutch is provided on the agitator shaft to stop the agi- 
tator whenever the feed gate closes. As the feed gate 


OPERATION 


again opens, the clutch which is interconnected with the 
operating mechanism of the gate is engaged and the 
agitator is again set in motion. 

From the gate the coal falls into the weigh hopper 
and continues until the weight of the coal equals that. 
of standard weights placed in the weight box whereupon 
the beam balances and the supply is cut off. Automatic 
discharge from the weigh hopper, closing of the hopper 
door and reopening of the feed gate follow in turn. 

The scale shown in Fig. 1 is a 200-lb. unit with coal 
deflector removed to illustrate the feed hopper and in- 
let gate. The scale is shown in the discharge position. 
Feed gate 4 is closed. Toggle 11 is at dead center and 
the release gear for the discharge door 6, 7, 9 is unlocked 
and opened. When the weigh hopper descends, trigger 








FIG. 2. AN AUTOMATIC COAL SCALE EMPLOYING MOTOR 
CONTROLLED FEED 


arm 12 is tripped, allowing bar 15 to fall and lever 16 
to come up and strike arm 6, knocking it from the hori- 
zontal position where the centers of the toggle were in 
line and locked to such a position that the load on the 
discharge door is able to open the door. In opening, 
interlock 8 is moved to one side, thus preventing lever 
16 from descending, which it must do before the dead 
center of lever 11 can be broken and the feed gate again 
opened. As soon as the hopper is empty it is raised by the 
weights in the weight box, pushing up pendant 13 and 
also raising counterweight 5. On 300-lb. scales and 
those of greater capacity there is a dashpot piston ar- 
ranged inside of the cylinder so that in addition 
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to acting as the counterweight for opening the gate when 
the toggle is broken, the dashpot acts as a spring to 
prevent sudden shocks and vibrations. 

Each weighing is recorded automatically by a six- 
fingered reciprocating engine-type springless counter 3, 
and since each draft is always the same the exact weight 
of coal received or used in any given time interval can 
be obtained by multiplying the number of weighings by 
the total of standard weights in the weight box. 

Receiving scales of 500-lb. and greater capacity may 


Fig. 3. COAL METER OF THE HELICAL VANE TYPE 
be provided with residue scales to weigh partial loads if 
any such remain. 

In the automatic coal scale pictured in Fig. 2, the 
fuel is delivered from the overhead bunker through a 
pipe attached to a casting forming a part of the scale 
frame. This casting is placed about 5 in. above a hori- 
zontal circular rotating disk and in such a manner that 
the coal is deposited upon this disk in the form of a 





Fig. 4. 


cone. Above this disk is a stationary casting which 
serves to plow or scrape off a certain amount of coal 
into a cast-iron weigh hopper. 

As the amount to be weighed is approximated, a deli- 
eately balanced scale beam begins to tip downward. The 
first part of this motion throws out the clutch driving 
the feed disk and stops the discharge of coal into the 
hopper. A sliding weight serves to compensate for the 
amount of coal momentarily in suspension, and makes 
the net weight of coal actually delivered to the hopper 
the net weight desired. The second part of the down- 


COAL METER FOR USE WITH UNDERFEED STOKERS 
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ward travel of the weigh hopper trips the balanced gate 
serving as a hopper bottom, and the entire amount of 
coal is instantly dumped. 

If the clearance is sufficient, when the last piece of 
coal clears the hopper bottom, the weigh hopper returns 
to its original position. The slightly overbalanced bot- 


Fig. 5. DEVICE FOR WEIGHING COAL IN TRANSIT 


tom first closes and then the driving clutch is thrown in 
and the feed resumed. It is possible to adjust the com- 
pensating weight at the second trial weighment and 
when this is once adjusted the scale will continue to 
operate within 1 per cent of accuracy. 

An automatic counter which is furnished with each 





FIG. 6. INTEGRATOR OF DEVICE SHOWN IN FIG. 5 


scale may be attached directly to the frame or at a dis- 
tant point where it may easily be read. 


CoaL MErTErs 


Figure 3 is illustrative of a typical coal meter which 
consists of a helical vane placed within a cylindrical con- 
duit, generally the downspout from the bunkers. Move- 
ment of the coal causes the vane to rotate and the number 
of revolutions is a measure of the weight of coal passing. 
Rotation of the vane is transmitted by means of suitable 
shafts and gears to a counter operating a visible dial. 

In the installation of this instrument care must be 
taken to avoid placing it in close proximity to an outlet 
or valve, a pipe too large or one which has become badly 
corroded and rough on the inside. 
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A coal meter designed for use with underfeed stokers 
having an accessible revolving shaft is shown in Fig. 4. 
At each revolution of the shaft, it registers one numeral 
on the dial and as each revolution signifies a certain 
amount of coal delivered to the furnace, the exact num- 
ber of pounds fired in a given time is easily determined 
by multiplying weight per charge by the number of 
revolutions registered by the dial. 

Weighing of coal while in transit may be accom- 
plished by means of the weightometer shown in Fig. 5. 
The apparatus is an adaptation of platform scale with 
automatic float poise, and a mechanically operated in- 
tegrator actuated from the scale beam. It is a self- 
contained unit with the conveyor. A section of the con- 
veyor belt is supported on a floating platform, hung on 
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compound levers, balanced by an iron float in a cylinder 
of mercury. The movement of the float is a direct 
measure of the weight on the conveyor belt. 

The integrator illustrated in Fig. 6 multiplies the 
weight by the speed. Rollers are mounted around the 
periphery of disk 3. Belt 5, driven by the conveyor, 
rubs against the disk rollers at right and left. When 
the disk, which is carried on a swinging frame, is per- 
pendicular to the plane of the belt (no load position) 
the rollers revolve and exert no turning effect on the 
disk; but, when the disk is tipped (accomplished by the 
leverage system), a component of the belt motion acts 
to turn the disk. The greater the weight on the belt 
the greater the tip and the faster the disk revolves. A 
simple mechanism records this motion. 


Appliances for Measuring Water 


THEIR CONSTRUCTION, PRINCIPLE 
OF OPERATION AND CHARACTERISTICS 


OR accurate work, water may best be measured by 
F the use of two or more tanks resting upon platform 
scales and arranged to be filled and emptied alter- 
nately. In some forms of weighers no scales are em- 
ployed. The number of dumpings are recorded by a 


counter, the total amount of water weighed being equal 
to the product of the number of dumpings and the weight 
of each charge. 

When, however, other means are not available and 
only approximate results are desired, amount of water 


1.03570 
1.00286 140 1.01678 203 1.03943 
1.00425 149 1.01951 212 1.04332 

For measurement of flow of hot water, the piston 

meter shown in section in Fig. 1 is well suited. It is 

practically the water end of a duplex double-acting 
pump having the cross-over valve motion at the bottom. 

The moving parts consist of two plungers and two slide 
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FIG. 1. DUPLEX PISTON TYPE HOT WATER METER 


delivered by a reciprocating pump may be determined 
from the plunger displacement. Multiplying the sec- 
tional area in square inches of a single plunger, length 
of stroke in inches, number of plungers and number of 
strokes completed per minute will give as a result the 
number of cubie inches of water delivered per minute. 
From this should be subtracted loss due to slippage and 
when desiring to express the result in pounds per min- 
ute divide the net number of cubic inches by 1728 and 
multiply the quotient thus obtained by 62.425, the weight 
of 1 cu. ft. of water at greatest density (39.1 deg. F.). 
For other temperatures divide by the factors (by Kopp 
and Porter) given in the following table which indicates 
the relative volumes of water at different temperatures 
compared with its volume at 39.1 deg. F. 
Deg. F. Volume Deg. F. Volume - Deg. F. 
39.1 1.00000 95 1.00586 158 
41. 1.00001 104 1.00767 167 
50. 1.00025. 113 1.00967 176 
59. 1.00083 122 1.01186 185 


Volume 
1.02241 
1.02548 
1.02872 
1.03213 
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FIG. 2. CROSS SECTION OF FLAT DISK METER 


valves with a lever which conveys the motion of the 
plunger to the recording mechanism. 

By adjustable tappets at the ends of the cylinder, 
length of plunger stroke and consequently displacement 
per registration may be altered. This provides means 
for calibrating the meter for any service. When cali- 
brating a meter of large size‘on a small quantity of 
water the counter moves but once for each complete 
revolution of the plunger; that is, each plunger must 
make one stroke forward and one return stroke before 
the counter moves once and it is essential, therefore, 
that the plunger should be started and stopped in the 





POWER PLANT 


January 1, 1920 


same relative position in order to secure accurate results 
from the tests. ; 
Another meter in extensive use and one quite ac- 
curate where a steady flow of the water or other liquid 
is maintained is the flat disk meter. This consists of 
a measuring chamber divided into two equal parts by 
a hard rubber disk, a gear chamber and a dial. One 
compartment is always filling while the other is empty- 
ing and thus an unbalanced water pressure moves the 
disk which in turn through the medium of a pin imparts 
motion to the integrating mechanism. Meters of this 
kind are suitable only where the temperature of the 
water being measured does not exceed 105 deg. F. 


FIG. 3. SECTION THROUGH TURBINE TYPE METER 


Shown in Fig. 3 is a typical turbine meter for use 
where large quantities of water are to be measured. 
Entering at the right the water passes through a screen, 
is deflected downward and by means of a central baffle 
plate is distributed horizontally and radially into a row 
of guide vanes which in turn conduct it through the 
vanes of a rotating impulse wheel connected to the 
metering mechanism. The wheel used is of hard rubber 
of practically the specific gravity of water and is ear- 
ried on a vertical shaft turning on a jeweled bearing. 

To record accurately the entire range of flows through 
large service pipes, the compound meter shown in Fig. 
4 and consisting of a standard velocity meter and a 
standard positive displacement, disk meter in combina- 


a 


FIG. 4. SECTION THROUGH COMPOUND METER 


“tion with a vertical plunger valve all in a single casing 

has been developed. Its design is such that the action 
of the plunger valve (both up and down) is always 
sharp and positive; thus there is no ‘‘breaking point’’ 
in the registration where the flow changes from the disk 
to the turbine meter, and vice versa, when the point of 
change is reached. 

On an ascending flow the full capacity of the disk 
meter is thrown immediately in the turbine, which starts 
and registers at once. On the descending flow the re- 
verse action is the same, and there is no opportunity for 
the valve to flutter at the change point. 


Testing Water MerTers 


For accuracy the only method of testing water me- 
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ters is by weighing a quantity of water drawn through 
the meter and comparing this quantity with the counter 
reading. A full flow of water should come into the 
meter itself, the rate of flow to be regulated by a valve 
on the outlet side, thus insuring having the meter full 
of water and under pressure as in actual service. When- 
ever possible a quantity of water at least equal to a 
complete revolution of the hand on the first circle of 
the counter should be measured, as readings of fractions 
of the first circle are not sufficiently accurate. 
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FIG. 5. DIAGRAM OF VENTURI TUBE 


Hot water meters should be tested only on hot water. 


THE VENTURI METER 


FoR CONTINUOUS MEASUREMENT of water flow the 
Venturi type of meter is recommended. The principles 
are as follows: 

When water flows through a pipe containing a con- 
traction, or throat, as in Fig. 5, pressure at B will be 
less than at A, due to the increased velocity at B. In 
a properly designed pipe, however, this pressure drop 
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FIG. 6. INTERIOR OF REGISTER MECHANISM 


will be almost entirely regained at outlet C, this in turn 
being due to the decrease in velocity after the water 
passes through throat B. These facts may be verified 
by inserting pressure gages at A, B and C. By means 
of a U tube containing mercury the drop of pressure 
between A and B may be accurately measured and 
always bears a definite relation to the rate of flow or 
velocity at B. Two small pipes connected to the inlet 











POWER PLANT 


74 ENGINEERING 


and throat of the tube transmit the difference of pres- 
sure at these points to the meter or registering device. 
At the back of the register these pipes enter two large 
vertical wells, connected at the bottom by a small pipe, 
one well being subjected to the inlet and the other to 
the throat pressure of the tube. In each well is a heavy 
metal float resting upon mercury which flows from one 
well to the other in direct proportion to the difference 
of the two pressures, causing one float to rise as the 
other descends, the movement being transferred through 
rack and spur gearing to the indicator dial hand shaft. 
A cam on this shaft, Fig. 6, controls the position of the 
pen on the chart and also the degree of movement of the 
counter dial figures. 

The register responds to minute variations in the 
rate of flow. The indicator dial is 30 in. in cireumfer- 
ence and can easily be read to within 14 of 1 per cent, 








Fig. 7. FLUID METER EMPLOYING MERCURY BELL AND 
SCHEME OF CONNECTION 


showing the exact rate of flow in pounds per hour. The 
counter dial registers the total pounds of water which 
have passed through the meter tube and is similar to 
the dial of an ordinary water meter. The recorder dial 
carries a circular chart which makes one complete revo- 
lution in 24 hr. and furnishes a continuous record of 
the rate of flow. 


ORIFICE AND Pitot TusBe METERS 


THE METER shown in Figs. 7 and 8 operates upon the 
principle of accurately measuring the pressure differ- 
ence across an orifice of 1/32-in. Monel metal placed 
between a pair of flanges in a pipe line as indicated in 
Fig. 7. Size of the orifice is proportional to the size of 
the pipe and the quantity and density of the fluid flow- 
ing through it; about 1% lb. pressure drop is secured at 
average rates of flow. 
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Details of the operating mechanism of this instru- 
ment are illustrated in Fig. 8. Valves H and L con- 
nect with the high and low-pressure sides of the orifice 
respectively while valve B is a bypass which serves to 
equalize the two pressures when desired. Within the 
bell casing, which when water or steam are measured is 
filled with water, is placed a mercury reservoir, a bell 
weight and a bell entirely closed except at its lower end 
and sealed by the mercury so that due to the pressure 
difference within and without the bell it is pushed up- 
ward, the degree of movement being proportional to the 
pressure difference. In normal or zero position of the 
bell, it is almost completely submerged in the mercury 
and is held within the mercury by the bell weight sup- 
ported ‘by a yoke fastened to the top of the bell. An 
increase in pressure difference forces the bell upward 
and as it rises from the mercury, the change in the 
buoyant action of the mercury on the walls of the bell 
balances the force due to the pressure difference. ° 
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FIG. 8. CONSTRUCTION DETAILS OF METER SHOWN IN FIG. 7. 


The shape of the bell is designed in accordance with 
the actual flow-curve (similar to a parabola) and cor- 
responding to the pressure difference and the rate of 
flow through the orifice. A forked lever engages two 
pins in the yoke connecting the bell weight with the bell. 
The other end of the forked lever engages a squared 
section on the spindle, which serves both to guide the 
bell as it moves and also to transfer the motion to the 
recording pen and integrator. 

An automatic shut-off prevents blowing out of the 
mercury or other damage when either of the pressures is 
excessive, due to abnormally high rate of flow, improper 
opening of valves, or the breaking of one of the connect- 
ing pipes. In case the higher pressure exceeds the lower 
by an ‘amount corresponding to the maximum flow, the 
bell is forced to its extreme upper position and a soft 
packing held between the top end of the bell and the 
bell weight yoke which is exposed through a hole in each 
will close the opening in tube 118 thereby bottling up 
the water, which completely fills the casing and pre- 
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vents forcing the mercury out of the reservoir. In a 
‘similar way, tube 117 is sealed when the bell is forced 
-down against it by excessive pressure in pipe L. 

Pressure and temperature recording pens near the 
center of the chart are operated by helical tubes, con- 
nected respectively to the arm of the bell casing and a 
thermometer bulb located in the steam line. 

Both chart and integrator disk are driven. by a pen- 
-dulum clock. The counter is suspended from a knife 
edge bearing on the clock frame and is moved across 
the disk by a connecting rod from an arm which pro- 
jects down from the back end of the recorder pen shaft. 
The follower wheel of the integrator is in frictional 
contact with the clock-driven disk and is moved from 
the center out toward the circumference as the rate of 
flow increases from zero to the maximum capacity of 
the meter. 

Where accuracy is in doubt, its performance may be 
checked with the instrument in place and under actual 
working conditions by the use of the CO, method of 
‘steam and water measurements mentioned elsewhere. 

Either an orifice disk or a pitot tube inserted into the 
pipe where the flow is to be measured is employed to 
transmit the pressure difference created by the flow to 
a mercury column in the body of the meter shown in 
Fig. 9. Dynamic and static chambers are connected to 
the pitot tube or the pipe carrying the orifice, and when 
the meter is in operation, due to existing pressure dif- 
ferences the mercury level in the well is depressed while 
that in the contact chambers is raised in proportion to 
the impact of the flow. 

Within the contact chamber is a resistance ele- 
ment made up of contact rods vertically suspended 
and connected to resistances held in position by two 
Bakelite disks; the contact rods are insulated by means 
of transil oil, which entirely fills the contact chamber 
above the mercury. The resistances are wound on a series 
of spools ending in a terminal post insulated from the 
meter body and forming a part of the circuit compris- 
ing the transformer, the meter body and the connected 
electrical instruments. 

As the pressure difference increases, the mercury 
rises in the contact chamber and as the successive ends 
of the contact rods are of gradually decreasing lengths, 
each successive rod comes in contact with the rising mer- 
eury, thus cutting out a given portion of resistance. The 
resistances are so divided by the contact rods that the 
flow of the current in the circuit is directly propor- 
tional to the flow of the fluid in the pipe, and as a con- 
sequence the indicating, recording and integrating in- 
struments used in connection with this meter operate 
accordingly. Actually these instruments are electric 
eurrent flow meters, although they are made to read in 
units of fluid flow. 

The mercury seal shown in Fig. 9 provides an au- 
tomatic release which prevents derangement of the ele- 
ments in the meter body when sudden changes of pres- 
sure occur in the line. The seal has two cylindrical com- 
partments connected individually to the meter body and 
joined at the bottom by a mercury U tube, the column of 
which acts in unison with the column of the U tube in 
the meter body. When a sudden surge of impact pres- 
sure occurs, the momentary high differential breaks the 
safety seal and equalizes the pressure in the two com- 
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partments. As the abnormal differential pressure is re- 
leased, the mercury collects in the U tube, and re- 
establishes the necessary seal between the two compart- 
ments. 


INSTALLATION OF ORIFICE PLATE AND Pitot TUBE 


THE ORIFICE PLATE should be inserted between two 
flanges, preferably in a horizontal section of the line. 
In case the flanges connect to a valve or elbow the 
orifice should be inserted in the flange leading to the 
fitting. 

Where a pitot tube is employed this also should be 
placed in a length of straight pipe; but if the only avail- 
able straight pipe immediately follows a bend or valve 
in the direction of flow, the tube should be attached not 

















Fig. 9. FLOW METER UTILIZING MERCURY WELL AND 
ELECTRIC RESISTANCES 


less than 3 ft. plus five diameters from the bend. In 
case there is a bend following the straight pipe, the 
point of attachment should be at least one pipe diameter 
ahead of the bend. 


Weir METERS 


ON OPEN or partially open systems weir meters are 
being extensively used. Rise and fall of the water level 
above the bottom of the weir is utilized as a measure- 
ment of the rate of flow. In the V-notch meter illus- 
trated in Fig. 10 rise and fall of water in the tank pro- 
vided with the V-notch actuates a float which in turn 
indicates the height in the notch on the inch scale, 
Fig. 11. A rack, formed as the float rod, engages a 
pinion attached to the same shaft as the cam drum 
upon the surface of which is cut a groove in the form of 
a screw thread of progressively increasing pitch. This 
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is the rate-of-flow curve of the notch. Gliding in the 
eroove is a follower, rigidly connected to the slider bar. 

As the drum revolves, it moves the pen laterally 
across the chart, the pen traveling equal distances for 


equal increments of flow. The integrator is driven by 











10. 


a separate clock and as the rate of flow is increased it 
is caused to move from the center of the driving disk 
and vice versa. 

Below the weir chamber, in the extra storage cham- 
ber, a float rises and falls with the water level, operat- 


FIG. TYPICAL V-NOTCH METER WITH RECORDER 








fi MECHANISM OF METER SHOWN IN 


Fic. 10 


FIG. RECORDING 


ing a balanced inlet valve which automatically controls 
the flow of water through the meter to conform with 
requirements. 

An independent method of checking the accuracy 
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of the meter is provided by a little bay window on the 
side of the tank through which the zero point may be 
set to an exact level with the bottom or apex of the 
notch. With this attachment the height of the water 
flowing through the notch may be measured with a foot 
rule or, if greater accuracy is required, by means of a 
hook gage. 

This meter uses as its basis of measurement the 90. 
deg. V notch. For small flows more acute angles allow- 
ing flow of 14, 14! or 1% of that of the full 90-deg. notch 
are employed. 

Another meter of the V notch type, but provided 
with a somewhat different form of recorder-operating 
mechanism, is that shown in Fig. 12. Water enters the 
tank at the left end and passes under the still pan and 
baffle which is made by loosely bolting a U-shaped plate 
to the inside of the main tank. Within the still pan are 
two displacing members made of spun copper and hung 
from the opposite ends of a beam fastened to a Monel 
metal shaft, supported on knife-edge bearings near its 
ends and extending through a pressure tight bearing 
into the recorder case. Although the two displacing 
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FIG. 12. v-NOTCH METER EMPLOYING TWO DISPLACEMENT 
MEMBERS FOR OPERATION OF INTEGRATOR 











members have equal bottom areas one decreases and the 
other increases in sectional area toward the top; they 
are exactly balanced and just touch the surface of the 
water when it is at the zero level. The relative shape 
of these members is made in accordance with the flow 
curve of the V notch so that rotation of the shaft and 
movement of the recording pen, which is fastened to the 
extended shaft, are in direct proportion to the rate of 
flow. As with increased rate of flow the water level 
rises above the notch the short displacing member rises 
partly with the water while the long displacing member 
is pushed deeper into the water to such an extent that 
the buoyant force of the two is always automatically 
maintained equal. 

The integrator is similar to that used in connection 
with the flow meter described on page 74; its driving 
arm projects down from the shaft extension which car- 
ries the pen. 

In a V-notch meter designed primarily for use in 
connection with open feed-water heaters and as illus- 
trated in Fig. 13 a float operates the recording and in- 
tegrating mechanism, the float being placed either in 
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the still water or approach channel ahead of the weir or 
in a chamber on the discharge side within which the 
level of the water corresponds to that ahead of the weir 
and with which it is in communication. By means of 
a slender stem and cable attached to the top of the float 
by a micrometer screw, motion of the float is communi- 
eated to a cylindrical drum which with a disk provided 
with a spiral slot forming a cam is mounted on a spindle 
resting in bearings. 

Horizontal ways support a rolling carriage to which 
is attached a cam follower, the indicator, the pen holder 
and the integrator. With zero flow the float is at its 
lowest point of travel and the cam in a position of no 
registration. As flow is established due to the rise of 


V-NOTCH METER FOR USE IN CONNECTION WITH 
FEED WATER HEATERS 


Fig. 13. 


the float, the cam disk is caused to revolve and motion 
imparted to the indicating, recording and integrating 
mechanisms. The pen holder is pivoted upon the car- 
riage in such a manner that it is held against a paper 
chart carried by a clock-driven drum while the inte- 
grator is driven by a small, light roller held by spring 
pressure against a large aluminum disk operated by the 
clock which drives the chart drum. 


ADJUSTMENT AND CARE 


A LOCKING DEVICE is provided for holding the cam 
disk in either zero or maximum flow position permitting 
of adjusting the pen and integrator roller to the corre- 
sponding position on the chart and on the integrator 
roller respectively. After this adjustment has been 
made, the water (at operating temperature) is drawn 
down to the zero level, as indicated by an auxiliary out- 
side zero pointer placed in a gage glass attached to the 
weir chamber. 
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The cam disk is then released and the micrometer 
adjustment between float stem and cable manipulated 
until the disk is at zero when controlled by the float. 
Adjustment in this manner at the working temperature 
eliminates errors due to expansion, contraction and 
change in submergence of the float in water at different 
temperatures. 

A weighing vessel suspended by a coil spring and 
connected to the tank by a flexible bronze hose so that the 
water in the vessel will be in equilibrium with that 
behind. the weir is the arrangement employed in the 
meter shown in Fig. 14. As the water rises behind the 
V-notch it also rises within the weighing vessel and as 
this contains just enough water to each unit of height to 
draw down the spring in exact ratio to the rate of flow, 
the pen and recorder are directly attached to it without 
the use of cams or other motion-changing devices. 

Opposite the recording pen is an arm which supports 
a small planimeter wheel on a vertical axis and revolved 
by the clock-driven disk. This wheel moves a train of 


FIG. 14. RECORDING DEVICE OPERATED BY WEIGHING VESSEL 


gears operating the integrator which indicates the num- 
ber of pounds of water passed the weir. With the water 
just starting over the V-notch the planimeter wheel rests 
at the center of the disk. As the head increases the 
wheel is drawn toward the lower periphery of the disk, 
and as the disk has a constant motion a record is made 
of the water passing the notch in any given time. 


CALIBRATION OF V-NotcH METERS 


By OBSERVING the head of water above the apex of 
the weir the discharg in cubic feet may be determined 
by multiplying the square root of the value of the head 
raised to the fifth power, by 3.04. 

These meters are generally graduated to read in 
pounds, in which case there may be an error because of 
change of density of the water. This error, according 
to Smallwood, is partly compensated, in that at a higher 
temperature, for a given head, a lesser weight of water 
will pass; but on the other hand, the float will stand 
lower in the hot water, thus making the recording pen 
indicate less. If the flow were proportional to the head, 
the correction would be exact. 


VoLUME MEASUREMENTS 


Two pbeEvices for the measurement of water by wol- 

























ume are ilustrated in Figs. 15 and 16. The former 
which is primarily a condensate meter consists of a cast- 
iron housing supported by a tripod arrangement of ad- 
justable legs, to which the returns to be measured are 
piped. The return condensation enters the vapor con- 
densing and equalizing chamber at the top, then dis- 
charges into an aluminum dumping bucket, which, 
















Fig. 15. CONDENSATION METER WITH INDICATING 
MECHANISM REMOVED 


through the medium of a counter, operates an integrator 
set in a recess in the front of the casing. 

Condensate flows through the equalizing chamber to 
one side of the bucket, which, when filled, overbalances 
the empty side of the bucket and automatically dumps, 
bringing the previously empty side under the filling 
slot, an alternate action accompanied by a movement of 
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the counter and the registering dial, graduated to read 
direct in pounds of condensation passed. 

Lugs on each side of the casing ‘projection carrying 
the integrator allow for the adjustment of the aluminum 
dumping bucket, the travel of which is limited by means 
of a bronze shock-absorbing cap slipped over a projec- 
tion to the bucket shaft. 
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The meter will give best results on a constant and 
reasonably uniform flow and preferably float-controlled 
constant-flow steam traps should be used. 

In the device illustrated in Fig. 16 the essential parts 
are a containing tank divided into two compartments 
A and B by a partition, P, a standpipe, S, open at top 
and bottom and having a corrugated bottom face and 
rigidly connected to a bell float, F, a U-shaped discharge 
pipe, and a trip pipe, T. 

With the standpipe S resting on its seat, water 
entering through the inlet accumulates in upper com- 
partment A until it reaches the top of the standpipe. 
Continual entrance of water causes an overflow through 
the standpipe and into compartment B, until the bot- 
tom of bell float F becomes sealed. As flow continues, 
the bell float, consequently the standpipe, are caused to 
rise, resulting in a unit charge of water into compart- 
ment B, when the tripping device sends this charge out 
through pipe C. 
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OUTLET 
Fig. 17. VOLUMETRIC METER OF PRECISION TYPE 


Normally trip pipe T is watersealed; but as the 
lower compartment becomes filled, the water in the left- 
hand leg of T is slowly forced downward and part of it 
caused to overfiow into discharge pipe C. With the 
water level in T lowered to the lower level in the trip 
pipe, the column in leg R balances the head of water 
in the lower compartment. Any addition of water to 
this compartment will then cause an overflow from R 
and a destruction of the state of equilibrium with the 
consequence that the air in the bell float and the upper 
portion of the discharge pipe breaks the water seal in 
R by suddenly discharging all of the water in it. 

With the air removed from under the bell float, the 
water in compartment B overflows into discharge pipe 
C, and out through the open end, continuing until a 
unit charge has passed. Due to the pressure of the 


water above the float accompanied by the action of the | 


syphon, the float and attached standpipe fall until the 
latter becomes seated, when water again accumulates in 
the upper compartment and the cycle is repeated. 

The number of times that the lower compartment is 
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emptied is registered by a counter, and by multiplying 
the value of each unit charge by the number of times 
the compartment is emptied within a given time interval 
the total amount of water passing is readily ascer- 
tainable. , 

Weighers of this type are readily calibrated by 
weighing several unit charges. 

Where considerable accuracy is desired, the vol- 
umetric type of meter shown in Fig. 17 is suitable. It 
consists of two calibrated measuring tanks each fitted 
at its highest point with a narrow part or chamber in 
which there is a float, the two floats being connected to 
a walking beam which operates the valve by which the 
two measuring tanks are alternately filled and emptied. 
Each float almost completely fills its chamber, so that 
the volume of water represented by 1 in. rise around 
the float is but one one-thousandth of the volume of 
the metering compartment, thus making it easily possi- 
ble to secure an accuracy of volumetric measurement 
within one-half of one per cent. If the temperature 
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full and the other completely empty before the inlet 
and outlet valves can be reversed. 

A counting train connected to the moving parts 
records the total flow over any given period while the 
rate of flow ean be indicated by the frequency of punch 
marks made in a clock-driven chart. . 

Figures 18 and 19 show in principle the construction 
and mode of operation of a meter designed for boiler 
feed measurement. Its mechanism consists primarily of 
a cylindrical copper drum divided into six scroll- 
shaped compartments, a containing case and an in- 
tegrator. 

Water is admitted by means of a spout introduced 
axially at the center of the drum, but not connected to 
it. In the bottom of the spout and extending its entire 
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Fig. 18. VOLUMETRIC METER EMPLOYED 1G. 19. ILLUSTRATING MECHANISM OF METER SHOWN FIG. 20. METER 


FOR MEASUREMENT OF BOILER FEED 


and density of the liquid are. known, the total liquid 
handled can be computed with the same degree of 
accuracy. 

Assume the liquid being measured, flowing into the 
right-hand compartment and out from the left-hand 
compartment as indicated by the position of the valves. 
As soon as the water level reaches the float in the right 
hand compartment, it will shift the piston valve to such 
a position that communication is opened to the lower 
end of the cylinder containing the piston which oper- 
ates both inflow and ontflow valves. The piston will 
not move, however, until the left-hand compartment is 
empty, allowing the float in the storage compartment to 
drop sufficiently to admit steam through the throttle 
valve shown in the steam connection to the valve chest. 
One of the measuring compartments must be completely 


IN Fig. 18 FOR LOW RATES 


OF FLOW 


length is the inlet opening by which the water passes to 
each compartment successively as the drum rotates. 


Starting with compartment 1, directly beneath the 
spout, the incoming water gradually fills it and the pe- 
culiar shape of the compartment causes the greater por- 
tion of the water to flow to one side of the perpendicular 
center line of the drum. By seeking to find the center 
of gravity, the water turns the drum, until finally, when 
compartment 1 is full, the weight and location of the 
water has drawn compartment 2 beneath the spout 
opening. 

This second compartment fills in its turn and draws 
compartment 3 into place and the water in compart- 
ment 1 now begins to overflow at its outer opening in 
the perimeter of the drum. Compartment 1 does not 
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commence to discharge until compartment 3 is partly 
filled. ; 

Shape of the compartments is such as to prevent any 
surge in the water and consequently motion of the 
drum is steady and continuous and, as any compart- 
ment cannot, fill and discharge at the same time, any 
change in the volume or force of the incoming water, 
which might cause surging, cannot affect the discharge 
and consequently cannot change the accuracy of the 
meter. 

All compartments are alike and, as each receives and 
discharges the same volume of water at each revolution, 
it necessarily follows that the quantity of water passing 
through the drum at each revolution must always be 
the same. 

Whether the water is delivered to the meter in large 
or small quantities, it cannot change the accuracy, for 
the impact or impulse of the water does not affect its 
rotation. If the water is suddenly stopped the motion 
of the drum also stops and the water already in it re- 
mains stationary until such a time as enough more is 
admitted to change its position and cause the second 
preceding compartment to discharge. 


Steam Flow 


INSTRUMENTS USED 
THEIR CONSTRUCTION, 


and mereury column may be used for the measure- 

ment of steam flow, for which service, however, it 
is necessary to utilize some form of condenser to avoid 
bringing the steam into direct contact with the internal 
mechanism. An indicating, recording and integrating 
instrument of this type and one adapted not only for 
the measurement of steam and water, but also of air, is 
shown in Fig. 1. 

The body of the meter consists of an iron casting 
eored so as to form the leg and well of a U tube; a 
bypass valve is provided at the side of the instrument to 
equalize the pressure of the system. 

Attached to a float resting on the surface of the 
mercury in the leg of the U tube is a circular rack which 
engages a pinion mounted on a shaft carrying a large 
horse shoe magnet with pole faces near a copper plug 
bolted on the body easting. Another magnet, also: horse- 
shoe in shape, is mounted with its pole faces near the 
same copper plug and with its axis of rotation in aline- 
ment with the shaft carrying the horse-shoe magnet in- 
side the meter body. A pinion on the shaft carrying 
the outside magnets engages a sector to the shaft of 
which is attached the recording pen. The clock driving 
the recording chart is mounted in front of the magnet, 
pinion and sector and may be of a type to provide a 
chart speed of one revolution in one hour, one revolu- 
tion in 8 hr., in 12 hr. or in 24 hr. 

Difference of pressure in the flow nozzle, orifice tube 
or Pitot tube, any one of which may be employed accord- 
ing to capacity of the instrument, is transmitted to the 
U-tube system of the meter and causes the mercury in 
the well to rise into the leg of the U-tube containing the 
float. The height of the mereury in this leg is propor- 


Minne of the water-flow meters employing the U tube 


tioned to the differential pressure produced. 
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For water and oil flow not in excess of 50 gal. per 
minute, the meter illustrated in Fig. 20 may be employed 
to advantage. It consists of a cylindrical chamber with 
suitable pipe connections enclosing a slotted tube through 
which the liquid must pass. Inside of this tube is a 
piston which moves up and down, exposing a slot area 
sufficient to allow any flow of liquid within the capacity 
limits of the instrument. Movement of the piston indi- 
cates on a graduated scale the amount of flow in gallons 
per minute which is directly proportional tothe area 
of the slots in the enclosed tube or to the rise or fall 
of the piston. 

An electric contact consisting of an adjustable in- 
sulated brass rod located at the bottom of the chamber 
ean be connected to a lamp or bell, calling attention 
when the flow has fallen below a fixed minimum. Con- 
tact is established immediately when the piston rests on 
the brass rod. Adjustment is made by loosening the 
insulated gland nut through which the contact rod ex- 
tends, and moving the rod and piston to the index posi- 
tion on the meter scale corresponding to the required 
capacity. The gland nut may then be tightened to re- 
tain the contact rod in this position. 


Measurements 


THE PURPOSE; 


By means of the float and rack the pinion carrying the 
magnet inside the body is rotated in proportion to the 
change of load of the mereury. Any motion of this 
magnet is transmitted magnetically to the outside mag- 
net carrying the pinion which engages with the large 
gear sector driving the recording pen causing it to de- 
flect in proportion to the change of mercury level in the 
leg of the U-tube containing the float. 

The integrating device which automatically inte- 
grates the values of flow recorded on the chart, is .pro- 
vided with a locking attachment which prevents readings 
being changed when charts are being replaced. 

For permanent installation the indicating scale of 
this instrument may be calibrated in either pounds 
steam per hour or boiler horsepower while the chart is 
calibrated in arbitrary units from 0 to 10 and a multi- 
plying constant used to reduce the readings to values 
representing the flow in pounds per hour or boiler horse- 
power. 

Boiler horsepower calibrations are based.upon an 
equivalent of 30 lb. of steam per hour. 

The meter may be located in any convenient place 
not subject to severe vibration and where it can be pro- 
tected from damage and from freezing. The instrument 
may be installed either above or below the flow nozzle 
although the horizontal piping between the reservoir and 
meter should slope toward the meter to prevent 
pocketing. 

Flow nozzles having the necessary static and dynamic 
openings may be installed in horizontal, vertical or in- 
clined pipe lines but sufficient space must be allowed 
for the piping, the reservoirs and valves. Gaskets should 
be placed on each side of the flange, care being taken, 
however, to have that on the upstream side not extend- 
ing inside of the pipe. 




















January 1, 1920 


The pipe carrying the flow nozzle should have a 
straight run of at least six pipe diameters preceding the 
leading side of the nozzle; that is, if the inside pipe 
diameter should be, let us say, 6 in., the pipe should be 
straight for at least 36 in. 

Desirable locations of flow nozzles are as shown in 
Fig. 3. 





























MERCURY WELL TYPE 
STEAM-FLOW METER 


FIG. 1. SECTION THROUGH 


Steam flow meters employing the Pitot tube principle 
are shown in Figs. 4 and 5. That in Fig. 4 consists of an 
ordinary water gage with proper fittings attached to the 
steam line and with the gage in connection with dynamic 
tube D and static nozzle S. In describing the operation 


of these instruments Gebhardt states that the height of 
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Fig. 2. INTEGRATING METER OF TYPE SHOWN IN Fia. 1 


water H is proportional to the square of the velocity of 
the steam flowing through the pipe and automatically 
adjusts itself to the variations in velocity; thus for de- 
creasing velocities the water in the glass discharges 
through D until column H balances the velocity pressure 
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in pipe P, and for increasing velocities condensation 
from the upper part of the instrument accumulates and 
the water column H rises until a balance is effected for 
the higher velocities. Provided with the proper form of 
scale, this instrument may be made to read directly in 
pounds per hour. 

Figure 5 shows another form of instrument which 
may be below or above the point in the main pipe at 
which the Pitot tubes are placed. Velocity pressure is 
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FIG. 3. DESIRABLE LOCATIONS OF FLOW NOZZLES FOR METERS 
ILLUSTRATED IN FIGS. 1 AND 2 


transmitted through tube D and opening O into the 
body of chamber M. This pressure, acting on the surface 
of the condensed steam in the chamber forces the water 
into glass W until a balance is effected. Condensation 
is discharged continuously through pipe P and water 
seal U of the main pipe. 

Due to the form of design employed the steam flow 
meter illustrated in Fig. 6, requires connection directly 











FIG.S 
FIG. 4. A SIMPLE INDICATING STEAM FLOW METER 
FIG. 5. INDICATING STEAM FLOW METER WITH CONDENSA- 
TION CHAMBER 


of oP 
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in the main through which the steam to be measured 
passes. When the pressure of the stéam entering A ex- 
ceeds that in chamber B by 2 lb., brass valve V is raised 
from its seat, the degree of rise depending upon the vol- 
ume of steam flowing. Movement of the valve is trans- 
mitted through an arm carried by a horizontal shaft pro- 
jecting through the casing and carrying at its outer ex- 
tremity the recording pencil and indicator pointer. 


THE Co, MerHop or Steam MEASUREMENT 


THIS METHOD, which is based upon the addition of 
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CO, gas from a high pressure drum to the steam line at a 
continuous and known rate, is entirely independent of 
pressure, superheat, or per cent of moisture and requires 
no pipe changes except for the drilling and tapping of 2 
¥%-in. holes. It is particularly adapted for test work 
in calibrating meters and determining steam consump- 
tion of turbines, engines, pumps, etc., although it is not 
intended to take the place of a permanently installed 
recording or integrating instrument. 

Referring to Fig. 7 the drum containing CO, under 
high pressure is supported on a scale beam so that its 
weight can be determined at any time, from which, in 
turn, the rate of adding the gas is accurately determined. 
The gas is continuously discharged through a flexible cop- 
per tube, governor valve and into the steam line through 
a 1%-in. spray tube. A sample of the mixed steam and 
gas is taken from the steam pipe at a point farther down 
the line and is then passed through a condensing and 
separating apparatus and the condensed steam and gas 
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FIG. 6. MECHANISM OF VARIABLE ORIFICE TYPE OF STEAM 
FLOW METER 


separately measured in a graduated glass and a Hempel 
burette respectively to determine the ratio of water to 
gas. This ratio multiplied by the rate at which the gas 
was added will give the rate of flow of steam. 

An accuracy of from 1 to 1.5 per cent can be secured 
when using only 1 lb. of gas to 2000 Ib. of steam. Hence 
it is possible to use this method on capacities up to sev- 
eral thousand pounds of steam per hour. 

This method is also applicable for the measurement 
of flow of water, the gas being injected into the feed 
line. With the small ratio required, the CO, is com- 
pletely absorbed by. the water so that a representative 
sample is readily obtained. The gas is then completely 
separated from the water and the ratio obtained by the 

measurement of eaeh. ; 
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CALIBRATION OF STEAM-FLOW METERS 


STEAM FLOW METERS may be best checked for ac- 
curacy by means of the CO, method of measurement, 
by comparison with a standard instrument known to be 
correct or by direct weighing of the condensed steam. If 
the last named method is employed, the steam passing 
through the meter is discharged into a surface condenser 
and the condensate formed weighed in a tank placed 
upon platform scales. 
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FIG. 7. DIAGRAMMATIC LAYOUT OF CO, METHOD OF STEAM 
MEASUREMENT 























Care must be taken to insure employing saturated 
steam and as a means of checking the quality it is ad- 
visable to use a throttling calorimeter. The mainte- 
nance of a constant flow of steam during each of a 
number of runs at different rates is desirable. 


When used in connection with a surface condenser 
the steam consumption of an engine or a turbine may 
be determined by providing the condenser with an in- 
dicating hot well bolted directly to the bottom of the 
shell. One make of such hot well is divided into two 
compartments separated by a wall or partition in which 
is inserted a brass orifice finished and polished to give 
a high degree of accuracy. 

Calibrated by an independent factory test, a special 
scale etched upon steel is attached to the indicating gage 
glass and reads directly in pounds of steam per hour., 
this scale indicating the height of the condensate in the 
collecting well, or in other words, the head upon the 
orifice. By taking simultaneous readings of the hot 
well indicator and an indicating kilowatt meter and 
dividing the former by the latter, the steam consumption 
per kilowatt hour is obtained. 

Tests made on a 5000-kw. turbo-generator set indi- 
cate that from half load to full load readings obtained 
by means of the hot well indicator and an indicating 
wattmeter correspond exactly with the readings of a 
high-grade steam-flow meter. From no load to half 
load the error was less than 5 per cent. 


THERE is a principle which is a bar against all infor- 
mation and which will keep a man in everlasting ignor- 
ance; that principle is contempt prior to investigation. 
—Graphite. 
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Air Flow Meters 


INSTRUMENTS AND MEANS OF 


DETERMINING 


HILE most of the water and steam flow meters 
employing the mercury column or U tube in con- 
junction with the orifice or Pitot tube are with 

little or no modification applicable to the measurement 
of air flow, local conditions or service requirements may 
favor the use of some other type of instrument. A meter 
designed to measure and indicate the number of cubic 
feet of free air per minute output of air compressors, 
and for the measurement of high-pressure air in gen- 
eral, is shown in section in Fig. 1. : 
The moving element consists of a weighted piston in 
the upper or metering cylinder, a small piston in the 
oil dashpot cylinder and a rod joining the two pistons 














NS Si 





Zag 
RSS 


BZ 
i 

















N , N 


FIG. 1. METER FOR AIR FLOW MEASUREMENT 


and extending upward where it moves freely, without 
contact, inside the sight glass at the top of the meter. 
This rod rises and falls with the pistons so that its 
height in the sight glass corresponds to the position of 
the piston in the metering cylinder. The scale plate 
mounted against the outside of the sight glass permits 
reading the exact height of the top end of the rod. 
Air enters at the lower left-hand opening into the 
chamber surrounding the dashpot cylinder and passes 
through ported openings into the interior of the meter- 
ing cylinder, the wall of which is drilled with a large 
number of small, accurately reamed holes uniformly 


Rate or FLow 


spaced. To pass to the outlet chamber, the air lifts the 
piston and exposes some of the holes to the flow. 

A small ‘‘head,’’ or difference of pressure, is estab- 
lished between the interior of the cylinder and the out- 
let chamber; this pressure difference, only a few ounces 
per square inch, being fixed by the exact weight of the 
moving element and the area of the piston on which the 
difference of pressure acts. The moving element rises 
until the weight is exactly supported by the difference 
in pressure; the pistons and rod are then floating in 
static balance in a position corresponding exactly to the 
volume of air flowing, the number of holes exposed and 
the height of the top of the rod in sight glass. The 
divisions of the scale plate are calibrated by comparison 
with a standardized instrument. 

For air velocities not exceeding 2000 ft. per minute, 
the anemometer is well suited. This device consists of 
a light vane attached to a shaft carrying a counting 
mechanism, and in operation the meter is so held as to 
bring the shaft parallel to the direction of flow of the air. 

A more accurate instrument is the so-called wet-gas 
meter shown diagrammatically in Fig. 2. Each of the 
four compartments, A, B, C and D, is provided with a 
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FIG. 2, DIAGRAMMATIC SECTION OF WET-GAS METER 
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passage such as a, b, ec and d at the center and a’, b’, ¢ 
and d’ along the periphery. Gas enters through the con- 
nection at the right, passes through a center aperture 
and into the compartment above the water level as at 
C, causing this to fill and thereby turn the revolving 
member on its axis. This continues until opening ¢’ 
leaves the water when the gas in C escapes. Opening 
d is then in such position as to admit gas to D when 
the cycle is repeated. 

For high-pressure work, Moyer suggests the use of 
the receiver method of air measurement, the air from a 
cylinder being pumped into a strong receiver, the pres- 
sure maintained constant by a regulating valve on the 
discharge pipe. Observations are made of the absolute 
initial and final pressure in pounds per square inch and 
represented by P, and P, respectively; the mean abso- 
lute initial and final temperature T, and T, deg. F.; 
and the initial and final weights of air in the receiver, 
W, and W, Ib. respectively. V is the volume of the 
receiver in cubic feet. Then, as P,V is equal to W,RT, 
and P,V is equal to W,RT, where R has a constant value 
of 53.3 for air, the weight of air pumped is equal to 
W,-—W,, or (V + 53.3) X (P,+-T,) minus (P, -+-T,). 
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Pressure and Vacuum Gages 


INDICATING AND ReEcorDING IN- 
STRUMENTS; CALIBRATING DEVICES 


OR PURPOSE of indicating pressures, three gen- 
F eral types of gages are employed, the Bourdon type, 

the diaphragm type and the manometer or U tube. 
Gages of the Bourdon and diaphragm types consist of 
two essential parts, the pressure element and the move- 
ment. 

In gages of the Bourdon type, pressure is applied 
internally to an elastic hollow brass or steel tube of oval 
section, bent into the shape of a circular are and closed 
at one end. Since the closed end of the tube is free to 
move, while the other end is fixed, fluid pressure on the 
inside tends to increase the short diameter of the section, 
causing the radius of curvature of the whole tube to 
become larger, thus moving the free end a distance pro- 
portional to the pressure applied. By connecting a 
suitable multiplying mechanism to the end of the tube 
a needle or pointer may be moved so as to indicate on a 
graduated dial the pressure in the units desired. 








In the diaphragm gage, the indicating device is actu- 
ated by a corrugated metal disk or diaphragm, clamped 
around its edges by the flange of an encircling chamber. 
The deflection of the diaphragm is proportional to the 
pressure applied to its lower side, and its movement is 
communicated to the pointer by a mechanism similar to 
that used in the Bourdon type. 

Manometers, or U-tubes, which consist merely of a 
glass tube bent into a U-shape, and partly filled with a 
liquid such as mercury or water, are simple and sensi- 
tive instruments for measuring pressure or vacuum, as 
they have no working parts to become deranged. If 
one branch of the tube is connected to the source of 
pressure and the other end left open to the atmosphere, 
the difference in level of the liquid in the 2 branches of 
the tube will indicate, on a properly graduated scale, 
the pressure or vacuum in inches of mercury, water, or 
whatever unit may be desired. The U-tube is suitable, 
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FIG. 1. INTERIOR VIEW OF BOURDON pig, 2. INTERIOR VIEW OF AUXILIARY FIG. 3. SHOWING CONSTRUCTION OP 


TYPE OF PRESSURE GAGE 


Generally the multiplying mechanism is made up of 
one or more levers, a toothed segment or sector, a pinion 
and a hair spring. Adjustment of the ratio of movement 
between the pointer and the end of the tube is made by 
either a slotted sector rim or a connecting link, the 
length of which may readily be changed to suit condi- 
tions. Lost motion of the parts is taken up by the hair 
spring attached to the spindle carrying the pointer. 

Owing to pointer vibration due to jarring which oc- 
curs in certain classes of service, also the rapid fluctu- 
ations of pressure sometimes encountered, double-spring 
gages are frequently employed. The pressure tubes in 
such gage may consist of two separate branches or may be 
continuous; but in either case, there are two free ends, 
which, when properly connected by a lever mechanism, 
give a greater pointer movement than is obtained with 
a single spring. 

In Fig. 2 is shown an auxiliary spring gage, the 
function of the auxiliary coil spring being to return the 
free end of the tube to its original position when the 
pressure is removed thus offsetting any tendency toward 
a permanent set, and to minimize the whipping of the 
free end of the gage tube under excessive vibration. 


SPRING GAGE 


DOUBLE TUBE GAGE 


even when filled with mereury, only for comparatively 
low pressures, being limited by the inconvenience due 
to its length or height. ; 

For the measurement of vacuum, both the Bourdon 
and diaphragm types are commonly used, the design of 
the gage being altered only in the arrangement of the 
levers to accommodate the reversed movement of the tube 
or diaphragm. 

Bourdon gages can be used for indicating pressures 
of liquids, steam or gases, whiere the tube does not reach 
a temperature much in excess of 150 deg. F., as above 
this limit the temper of the tube is likely to be affected. 
When used for steam pressures, therefore, a siphon must 
always be employed to prevent steam coming into con- 
tact with the tube, and should be of sufficient capacity 
to fill the gage tube with water. 

Various gages of the Bourdon type are manufactured, 
the chief differences being in the details of construction. 
The distinctive features are the material and mounting 
of the tubes and movement, and the smooth action of the 
gearing. The movement may be mounted on the back of 
the gage, or on the gage socket, the claim for the latter 
construction being that it removes liability of the move- 
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ment being thrown out of adjustment while the gage is 
being screwed into position, and of overheating of the 
tube, on account of the air space surrounding it. To 
secure and maintain the greatest possible accuracy, the 
tubing should be properly selected and seasoned to re- 
move all natural set, and the gearing should be precisely 
eut. Also the moving parts should be free, so far as pos- 
sible, from wear and friction, non-corrodible material 
being generally used. 

As in the ease of indicating instruments recording 
pressure gages may also be of the Bourdon tube, the 
diaphragm or the manometer type. 


CALIBRATING PRESSURE GAGES 


GacEs may be checked for accuracy and calibrated by 
means either of comparison with a standard gage or the 
use of a dead-weight testing device, such as shown in 
Fig. 6. This tester consists of a stand from which rises 
a cylinder, having accurately fitted into it a piston 
with an area of 1.5 sq. in. which moves freely up and 
down. Attached to the top of the rod is a disk for the 
support of the weights; each weight is marked with the 
number of pounds pressure per square inch that it will 





MECHANISM OF RECORDING FIG. 5. 
GAGE EMPLOYING BOURDON TUBE 


Fig. 4. 
EMPLOYING 


exert on the gage. From the bottom of the cylinder, 
two tubes project; one from a standard for holding the 
gage to be tested while the other, inclined, serves as a 
reservoir for oil and is fitted with a screw plunger. 

After the gage under test is attached and the three- 
way cock placed horizontally, the reservoir is filled with 
oil. This is done by turning the plunger inward to the 
extreme of its travel and pouring oil into the cylinder 
until filled; the plunger is then gradually withdrawn 
and at the same time more oil is added, continuing this 
until the plunger is in its outer position and with the 
cylinder nearly full. 

The nozzle under the cock is opened and the piston 
inserted, which with its disk will indicate a pressure of 
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MECHANISM OF RECORDING GAGE 
DIAPHRAGM 


about 5 lb. on the gage. The weights, one at a time, 
may now be placed on the disk which should be gently 
rotated to insure perfect freedom of motion to the piston. 
Each weight added will indicate a pressure on the gage 
equal to the number of pounds marked on it, and if the 





FIG. 6. TYPICAL DEAD WEIGHT GAGE TESTER 








DEVICE FOR CALIBRATING 
VACUUM GAGES 


Fig. 7. 


reading of the gage does not correspond to the total 
number of weights added, corrections of readings will 
have to be made for the error. 

If, in testing a large gage, the piston descends to its 
full length screwing in the plunger will force it upward, 
thus allowing the addition of more weight as may be 
required. 

For the calibration of vacuum gages, the device illus- 
trated in Fig. 7 is applicable. This consists of a hand- 
operated vacuum pump and a mercurial vacuum gage 
for checking the readings of the gage under test. 

By means of the pump the air is exhausted and the 
reading of the gage compared with that of the mereury 
column. 
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Barometers and Vacuum Measuming Instruments 


DESCRIPTIONS OF Vari0oUS TYPES, THEIR 
CONSTRUCTION AND PRINCIPLES OF OPERATION 


AROMETERS may be-of either the mercury-tube 
type, Fig. 1, or, as shown in Fig. 2, of the aneroid 
type. The former consists of a well of mercury 

into which extends the open end of a glass tube devoid 
of air and with an overall length of at least 30 in. A 
scale graduated in inches is placed to one side of this 
tube and indicates the pressure of the atmosphere acting 
on the surface of the mercury. 

Frequently these scales are graduated to read directly 
in pounds atmospheric pressure; but if not, the reading 
in inches may be converted to pounds by multiplying by 
0.491 or dividing by 2.035. 
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FIG. 1. BAROMETER FIG. 3. VACUUM GAGE OF 
OF THE MERCURY- MERCURY-TUBE TYPE 
TUBE TYPE 


The aneroid barometer is a more sensitive and more 
accurate instrument than the mercury column and, due 
to its portability, is more readily adapted to power 
plant work. In this instrument, which must be fre- 
quently calibrated by comparison with a mercury barom- 
eter, a cylindrical metal box with a back of some thin 
corrugated elastic metal is employed. When the air is 
removed from this box, any increase of atmospheric 
pressure acts on the back and forces it inward, while, 
with a decrease of -atmospheric pressure, the back moves 
outward, due to its elasticity and the assistance of a 
spring. Motion is communicated by means of multiply- 
ing levers to a pointer moving across the face of a grad- 
uated scale. 





FIG. 2. ANEROID EN- 
GINE ROOM BA- 
ROMETER 


Vacuum GAGES 


THE MERCURY TUBE may be used as in the form shown 
in Fig. 3. as a vacuum gage. One leg is comparatively 
short but correspondingly large in diameter, while the 
other or longer leg is open and in communication with 
the vacuum being measured. The instrument may be 
adjusted to indicate the number of inches of mercury 
or inches of absolute pressure by bringing the level of 
the mercury to the zen) of the scale. Care must be 
taken to read at the top of the meniscus, or curved sur- 
face of the mercury. 

Due to temperature variations, changes will occur 
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FIG. 4. COMBINED se. 5. VACUUM RE- 
BAROMETER AND CORDER OF MER- 
VACUUM RE- CURY FLOAT 
CORDER TYPE 


in the density of the mercury and the degree of expan- 
sion of the scale. For the former, subtract from the 
reading 0.000,101 h (t—32) and for the latter add 
0.000,010,5 h (t— 82) where h is the observed height 
of the mercury column in inches read on a brass scale 
at t deg. F. 

To correct for latitude and elevation, multiply the 
height of the mercury column by (1— 0.0026 cos 2a — 
0.000,000 2H), a being the degrees latitude and H the 
elevation of the barometer above sea level, expressed in 
meters. 

A combined barometer and vacuuni recorder is illus- 
trated in Fig. 4. It consists of two float chambers in a 
single casing, one connected with a barometric mercury 
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column and the other with a mercury column in com- 
munication with the condenser. The pens are actuated 
by the floats resting on the mercury in the float cham- 
bers and move according to the barometric pressure and 
vacuum. 

Section through a vacuum recorder is shown in Fig. 
5. The smaller leg of the U tube connects with the 
source of vacuum; the larger contains a float which 
actuates the recording pen. 


Drarr GAGES 


DraFrt GAGES measure static pressures or difference 
of pressure and are of the following types: The dia- 
phragm construction, which indicates or records the 
draft; an ordinary glass U tube manometer filled with 
water; and the float type, such as shown in section in 
Fig 7. This consists of a case C containing clock- 
work T driving chart holder E. Directly below this 
case is mounted a cylindrical vessel A containing 
oil. Concentric with this vessel is tube M containing 
mercury. Bell B, which is sealed by oil O, is buoyed 


FIG. 6. ACTUATING ELEMENT OF LOW-PRESSURE DIA- 
; PHRAGM TYPE GAGE 


up by float F attached to stem S and immersed in the 
mercury. Pen P is supported and moved directly by 
the bell by means of elastic arm R. 

With suction or draft applied to G, the bell descends 
until it is balanced by the mercury displaced during the 
descending of stem S, the diameter of which is so pro- 
portioned as to give the desired range. 

Two bells hung from opposite ends of a beam pivoted 
in the middle on knife edge bearings are employed in 
the differential recording instrument shown in Fig. 8. 
When a pressure less than atmospheric is to be recorded, 
connection should be made at L, and for a pressure in 
excess of atmospheric, connection should be made at H 
(the other connection being left open in both cases). 
For measuring the differential of two pressures, the 
higher pressure of the two should be connected at H 
and the lower at L, this regardless of whether the pres- 
sures are above or below atmospheric. 

If a slight suction pressure is applied to connection 
L, it is effective over the inside area of the bell and acts 
the same as if on a piston of like area, pulling the bell 
down into the liquid; the right-hand bell becomes lighter 
and the left-hand bell heavier, due to the buoyant action 
of the liquid on the walls of the bells, and this force 
due to buoyancy balances the force caused by the pres- 
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sure. Amount of motion is directly proportional to the 
pressure or pressure difference. 

There is also another type of draft gage which com- 
bines the U tube and the inclined tube. This may be of 
the single, double or triple tube types. When of the 
double it is known as the duplex gage, and when triple, 
triplex. 

For accuracy and sensitiveness, as in boiler tests, the 


‘inclined tube is especially adapted, as it shows minute 


variations. This type of instrument consists of the in- 
clined tube with an enlarged chamber at its lower end, 
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SHOWING CONSTRUCTION OF FIG. 7. SECTION 
THROUGH DRAFT 
RECORDER 


Fic. 8. 
DIFFERENTIAL RECORDER 


a seale graduated to read in 0.01 in. of water, and a 
light metal frame or case to which is attached a small 
leveling glass. 

To be accurate, it is essential that the bores of the 
inclined tube and enlarged chamber be uniform; that is, 
the ratio of their internal areas must remain constant 
throughout the ranges traveled by the liquid. 

Special mineral oil is best for the liquid, as it has 
less capillarity, is lighter, permitting a wider range, and 


DRAFT TUBE OF INCLINED-TUBE DIFFERENTIAL 
TYPE 


is less volatile than water. The inclination of the tube 
is ordinarily about 10 to 1 and is so adjusted that the 
air bubbles in the level stand central between the two 
lines ; then the indicating liquid is poured into the cham- 
ber of the glass to zero on the scale, from which point 
all readings are taken. 


Fig. 10. 
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Temperature Measuring Instruments 


THERMOMETERS AND PYROMETERS 


HREE TYPES of mercury thermometers are in 
| Serene use, the ordinary instrument which employs 

a vacuum above the mereury and has a temperature 
range of from—388 to 575 deg. F., the Jena glass type 
containing nitrogen above the mercury and the Quartz 
glass type also utilizing nitrogen. Temperatures of from 
—38.to 1000 deg. F. may be measured by means of the 
Jena glass type, while the Quartz glass thermometer 
employed primarily for special work is capable of with- 
standing temperatures up to 1500 deg. F. For low-tem- 
perature work, alcohol or petrol ether thermometers are 
especially applicable. 

Where cups or wells are employed, these should be 
filled with cylinder oil or mercury and the thermometer 
kept from contact with the walls by means of waste 
wrapped around the bulb or a cork slipped over it. 





FIG. 1. SHOWING INTERIOR CONSTRUCTION OF TYPICAL 
RECORDING THERMOMETER 


As ordinarily employed, thermometer stems are sub- 
ject to considerable radiation and, as a consequence, 
allowance must be made for the resulting loss by the 
addition to the reading of a ‘‘stem exposure’’ correction 
factor. This is equal to the product of 0.000,088, the 
number of degrees of scale exposed and the difference 
between the observed reading and the reading of an 
auxiliary thermometer having its bulb about 4 in. from 
and on a level with the midpoint of the exposed stem. 

The recording thermometer illustrated in Fig. 1 de- 
pends for its operation upon the pressure due to the 
expansion of a gas contained within a sensitive bulb 
connected to the instrument by a small flexible copper 
tube 25 ft. or more in length. The varying pressures 
due to the expansion of the gas in the bulb are propor- 
tional to the changes in temperature and are trans- 
mitted to the recording mechanism by the tube. 

Vapors of mercury, ether or other liquid are used in 


these instruments. For a temperature range of from 
15 to 200 deg. F., sulphur dioxide is used; for from 95 
to 250 deg., ether; for from 212 to 450 deg., water; 
410 to 700 deg. F., heavy hydro-carbons and for tem- 
peratures of from 650 to 1350 deg. F., mercury. 

With thermometers of this type it is imperative that 
the entire bulb be subjected to the temperature being 
measured. 

Electricity is the agent employed in electric resist- 
ance and thermo-electric thermometers and pyrometers. 
The former depend for their operation upon the varia- 
tion in electrical resistance of certain metals with in- 
crease in temperature and are particularly well suited 
for temperature ranges of from—400 to 2200 deg. F. 
Such a thermometer consists of a coil of pure annealed 
platinum wire wound upon a framework of mica, a 
wheatstone bridge and a galvanometer the scale of which 
is graduated in degrees of temperature. The junction 
of the platinum wire with the wires leading to the re- 








FIG. 2. PLATINUM-RHODIUM THERMOCOUPLE AND INDICATING 
INSTRUMENT 


sistance measuring device must be placed in the cooler 
portion of the circuit where the temperature should 
correspond to that at which the instrument was eali- 
brated. When this condition is not attainable, compen- 
sators are used. 

For working ranges up to 3500 deg. F., the pyrom- 
eter which operates upon the thermo-electric principle 
and as shown in Fig. 2 is useful. Temperature measure- 
ment is accomplished by means of an electric current 
generated in a thermo-couple made by joining dissimilar 
metals, those used for work up to 1500 deg. F. generally 
being nickel for the positive element and an alloy of 
nickel and chronium for the negative. Higher-tempera- 
ture couples are made up of one wire of pure platinum 
and another of 90 per cent platinum and 10 per cent 
rhodium. A sensitive galvanometer or voltmeter, usually 
graduated in degrees of temperature, measures the volt- 
age which varies as the temperature. 

Of these instruments there are two general types, 
the high resistance and the low resistance. The couples 
of the former consist of small-diameter wires of platinum 


‘and an alloy of platinum and rhodium protected against 
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breakage and deterioration by porcelain or iron tubes. 
Low resistance couples are usually made of alloys of 
nickel, iron and copper. 


A temperature measuring instrument suitable for 
temperatures not in excess of 1000 deg. F. is a mechani- 
eal pyrometer consisting of two rods of some sub- 
stances having different rates of expansion such as iron 
and brass or graphite and iron, connected by gears 
and levers to impart motion to a pointer moving across 
a graduated dial. For accuracy the entire length of 
the tube, enclosing the rod, should be placed within the 
chamber within which the temperature measurement is 
being made. 

For high temperature work, pyrometers of the radia- 
tion and optical type and Seger cones are extensively 
employed. In one of the former, heat rays are focused 
upon a miniature thermo-couple and the temperature is 
indicated by the use of a sensitive galvanometer. These 
instruments have a satisfactory temperature range of 
from 800 to 4000 deg. F., with an error of about 2 or 


Engine Indicators 


Types, THEIR USE AND CARE 


ENERALLY the indicator is used for checking 
(3 valve settings, determining the power developed in 

the cylinder and for approximating the steam con- 
sumption of the engine; but its field of usefulness is of 
greater extent. On the steam pipe, it will show the 
pressure drop, due to small or long pipe; on the exhaust 
pipe, it will locate excessive back pressure, whether due 
to small port openings or exhaust pipe; on the boiler, 
it will register pulsations due to the cutting off of steam 
valves ; it also affords a means of checking pressure gages 
for correctness. Additional use may be made of the 
diagrams which, when transferred to paper ruled log- 
arithmetically, furnish a means of determining accur- 
ately the steam used, the clearance in the cylinder and 
the leakage to or from the cylinder. 

Indicators may be of the inside or the outside spring 
type, although the latter appears preferable for the 
reason that the spring is not only more accessible, but 
due to its constant contact with the air is not subject 
to the high temperatures apt to be encountered within 
the cylinder, this especially when superheated steam is 
used. ‘Seale of spring to employ is dependent upon the 
pressure of the steam under which the engine operates 
at the time of taking the cards and should be only such 
as will provide a card about 2 in. high. 


Movement of the piston is multiplied by a parallel 
motion which carries a pencil point held against the 
paper on the drum as the latter rotates back and forth. 
The drum which moves in unison with the piston of 
the engine is rotated by means of a cord wrapped around 
its base and connected to the engine crosshead by means 
of some form of reducing motion, this drum spring hold- 
ing the cord taut on the return stroke. 

Much depends upon the pencil movement, the fune- 
tion of which is to produce at all points of the stroke 
parallel movement of the pencil, this motion being pro- 
portional to the piston travel. The pencil movement 
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3 deg. F. at the lower temperature and not more than 
20 deg. at the upper. 

Various kinds of oxides mixed to give a definite 
melting point and formed into pyramids approximately 
2 in. high are used in Seger cones. These are numbered 
according to their melting points. When a cone reaches 
its melting point the tip falls over and touches the sur- 
face upon which it rests. The following table indicates 
the melting temperature of Seger cones: 




































Cone No. Deg.F. Cone No.  Deg.F. 
.022 1110 20 2790 
011 1380 26 2880 
.010 1740 30 3040 
.020 2030 35 3220 

7 2320 39 3420 

15 2615 42 3600 


Pyrometers and high-temperature thermometers may 
be best calibrated by checking their indications with the 
known melting points of various metals such as tin, lead, 
zine, antimony, silver, gold, nickel and platinum. 


should be light but strong and so constructed that the 
parts will not be subject to wear which causes lost mo- 
tion and results in incorrect diagrams. 

When two or more ecards are to be taken simultane- 
ously as on compound engines under test it is usual to 
provide indicators equipped with electromagnets by 
means of which the pencil may be applied to the drum 
at will. The cireuits supplying current to these mag- 
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FIG. 1. INDICATOR OF EXTERNAL SPRING TYPE 


nets are closed by a single control switch or button, thus 
bringing the indicators into action simultaneously. 

Figure 3 illustrates a continuous card indicator, a 
type of instrument desirable on work under variable load 
conditions. 
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INSTALLATION AND CARE OF THE INDICATOR 


AS A RULE, the cylinders of modern steam engines are 
already tapped for indicator connections when erected. 
Occasionally, however, the engineer must drill and tap 
these holes himself and when doing so should take care 
to have them sufficiently far into the clearance space so 
that they will not be partially covered at the end of the 
stroke and thereby render the diagram worthless. One- 
half-inch pipe and fittings with standard thread should 
be used. 

After having placed nipples and elbows in position 
on the cylinder ends, cut a piece of pipe about 1 in. 
shorter’ than half the length between the two elbows and 
thread each end. Screw the pipe into one elbow; then 
place a three-way cock at the other end of the pipe. Next 


remove the large nut at the end of the three-way cock | 


and insert a piece of pipe, marking it so it will just clear 
the face of the elbow; then cut it off and thread one end. 
Slip the large nut into the pipe and screw the pipe into 
the elbow, packing the joint where the pipe enters the 














FIG. 2. INDICATOR OF INSIDE SPRING TYPE 


three-way cock with candle wicking or other good pack- 
ing and draw the nut up tight. Before putting the 
indicator in place, however, blow out the pipes thor- 
oughly to prevent any dirt or grit from working into 
the indicator cylinder. When the indicator is not in 
use, the cap provided for the purpose should always 
be placed on the cocks to keep out the dirt. 

Proper indicator performance to a great extent de- 
pends upon the free movement of its mechanism, which 
may be assured by the frequent and generous use of a 
high-grade machine oil, paying special attention to the 
cylinder, joints of pencil movement and drum spindle. 
If a reducing wheel is used, this also will require to 
be well oiled. 

Tension in the drum spring should be increased for 
high speed and decreased for low speed, so as to allow 
the drum to revolve without slack-in the cord on the 
return stroke. 

Relative to the use of indicators Moyer makes the 
following suggestions: 

Springs must be calibrated frequently. 
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The tension of the spring in the drum should be 
adjusted so that the drum revolves without slackness 
in the cord on the return stroke. If the cord sags on 
the return stroke the error may be considerable, but 
if the tension of the cord does not vary a great deal, 
errors due to stretching of cords of ordinary lengths are 
not serious. 

Before an indicator is used all working parts should 
be cleaned and oiled. The piston and its rod should 
be examined before attaching the spring to determine 
by lifting the pencil lever and letting it fall whether 
these parts move easily. Attach the spring firmly and 
observe carefully that there is no lost motion. This 
precaution is most important in indicators having a bead 
on the spring for making a ball-and-socket joint. To 
put this kind of spring in place properly, the piston rod 
should be screwed tightly into the piston when the lower 
adjusting nut is loose. Then screw up this nut just 
tight enough to permit a slight movement. If the nut 
in the piston has been properly adjusted, there should 
be no lost motion between the rod and the piston, and 








FIG. 3. TYPICAL CONTINUOUS CARD INDICATOR 


still there should be flexibility in this joint permitting 
the piston to adjust itself in the indicator cylinder. 

Oil the piston with cylinder oil every time it is taken 
from the cylinder. Many careful engineers oil the piston 
regularly after taking about 10 diagrams. A new piston 
usually requires more lubrication than one that is well 
worn. 

Adjust the handle on the pencil motion so that when 
the pencil is sharp it will draw a very fine point. If 
the pencil presses heavily on the paper, friction and 
shifting of the paper may distort the diagrams. 

Adjust the length of the indicator cord. If too 
short, it will be broken when the engine is started and 
may also injure the indicator; and if too long, the drum 
will strike against its stops and gives a deformed dia- 
gram. After adjusting the length of the cord the engine 
should be turned over by hand to make sure the cord 
is of proper length. 

Immediately after a diagram has been taken it should 
be examined and any irregularities or faults noted and 
corrected. 

Mark diagrams plainly as regards head and crank 
ends of. double-acting engines, the time, scale of spring, 
and name or initials of the person taking them. 
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Flue Gas Analyzers and Recorders 


CONSTRUCTION AND MerHop or Ustne MANUALLY 


AND AUTOMATICALLY 


Y ANALYSIS of the flue gas it is possible to de- 
termine definitely the exact conditions of combus- 
tion in the furnace. In power-plant practice the 

volumetric determination is the most common and sim- 
plest to perform. 

In order to obtain an average sample of the gas, a 
sampling tube should be provided which extends well 
into the boiler flue. A convenient and common method 
is to provide an observation hole which is usually located 
about 24 in. on the furnace side of the damper or junc- 
tion to the main flue. In this hole is inserted a wrought- 
iron pipe 1.75 in. in diameter, flanged at the top and set 
into the flue with fire clay. When not in use, this 
observation hole is closed by placing a 1.5-in. bolt into it. 

The sampling tube may be made of Bohemian glass 
combustion tubing, porcelain, or a water-cooled metal 
tube. This tube is provided with holes along the sides 





























Fig. 1. SAMPLE HOLDER FOR FLUE GAS TEST 


through which the gas is drawn. Care should be exer- 
cised in inserting glass or porcelain tubes as the sudden 
change in temperature is liable to break them. 


Sampite Howper 


Some Form of gas sample holder should be provided 
when it is desired to take tests of the average quality of 
gas at intervals. This holder should be of sufficient 
capacity to hold 150 to 200 c.c. of gas and may be of the 
form shown in Fig. 1. The bottle is provided with a 
cork through which are passed two tubes, one of which 
connects through rubber tube, H, to the water supply, 
and extends to the bottom of the bottle, the other ex- 
tends merely through the cork and is provided with a 
T connection, one branch of which, J, is connected by 
means of glass and rubber tubing to the sampling tube, 
while the other, I, connects to the suction side of the 
aspirator or pump, used to draw the gas to the testing 
apparatus. From the bottom of the bottle is a glass 
tube with a rubber connection which carries the water 
to waste. . 

To operate this apparatus, pinch cock A is closed 
and H opened, thus allowing the water to fill the bottle 
completely. Pinch cock H is then closed, and J opened, 





OPERATED APPARATUS 


and the gas drawn through the T by the gas pump in 
order to remove all air which may remain in the gas 
connections. After this has been running for some time, 
I is closed and pinch cock A opened, thus allowing the 
water in the bottle to drain out and draw in the flue 
gas through tube J, when A is again closed. 

In order to discharge the gas into the testing ap- 
paratus, tube I is connected to the gas instrument, the 
pinch cock on J closed, and by opening pinch cock H, 
water flows to the bottom of the bottle and forces the 
gas into the instrument. 
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Fig. 2. STEAM AIR PUMP 


For drawing the gas into the sampling apparatus, 
three forms of pumps are in general use. These are jet 
pumps, fall pumps, and steam pumps. The Richards 
jet pump consists of a water jet, resembling very much 
the common boiler injector with an air or gas connec- 
tion and a restricted portion with a zigzag tube which is 
used for breaking up the water into foam, the principle 
of operation being that water entering at the top draws 
the air or gas through the side connection by forming 
successive pistons through the restricted passage. 























Fig. 3. ELIOT GAS APPARATUS 


A fall pump depends upon the weight of the water 
to maintain the vacuum or suction, while the steam air 
pump as shown in Fig. 2 consists of a large tube con- 
tracted at one end into which is inserted cemented 
cork B, fitted with covering D, provided with steam 
tube G, and air tube E, the steam tube extending 
nearly to the contracted end of the large tubing and held 
in place by washer A. The steam connection is made 
through pipe G, and when turned on draws air or gas 
through connection E. 








ee 
N 





ANALYZERS 


ONE OF the simplest and most common pieces of 
apparatus used for analyzing flue gas is known as the 
Eliot, and consists of measuring tube A, treating tube B, 
with top connection E, provided with stop cock F, and 
3-way cock J. Pressure bottles, G and H, are provided 
with rubber connections to tubes A and B, Fig. 3. 

Before using, the apparatus should be thoroughly 
cleaned with water which is passed through the tubes, 
back and forth, by means of pressure bottles G and H. 
Distilled water is then put into the tubes and bottles, 
and the bottles placed upon shelves provided for that 
purpose with stop cocks F and J closed. 

Connection is made to the gas holder through J, 
which is turned to open straight from tube B. By 
lowering bottle H, the gas is drawn into the treating 
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FIG. 4. ORSAT GAS ANALYZING APPARATUS 


tube when J is turned to connect B and E. By opening 
F, raising H, and lowering G, the gas is drawn into 
measuring tube A, the water in G being kept at the same 
level as in A, by raising or lowering bottle H. Tube A 
is graduated so that the amount of gas it contains can 
readily be determined from the scale, and for conven- 
ience this amount is usually 100 ec. Stop cock F is 
then closed and with J opened, bottle H is raised until 
all remaining gas is expelled from tube B. 

By turning J, E is connected to B, F is then opened 
and the gas passed into B for treatment. 

A 5 per cent solution of caustic potash is then poured 
in by means of funnel K, and allowed to drip along the 
sides of the treating tube until no further absorption 
takes place. The gas is then passed into A and meas- 
ured, its loss in volume, which was carbon dioxide, being 
noted. 

Treatment for oxygen is then proceeded with, using, 
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instead of caustic potash, a solution of 5 grams of 
pyrogallic acid in 15 c.e. of distilled water, added to 120 
grams of caustic potash in 80 ¢.c. of water, which is 
dropped from funnel K into B, measuring the gas and 
noting the loss of volume due to absorbing the oxygen. 

Carbon monoxide is then absorbed by a solution made 
from 10.3 grams of copper oxide in 100 e¢.c. of concen- 
trated hydrochloric acid. 

In each case the amount of gas originally drawn be- 
ing 100 e.c., the decrease in volume represents the per- 
centage of the gas which has been absorbed by the treat- 
ing solution. The chemicals must be used in the order 
indicated or the results will not be correct. Care must 
be taken when passing gas back and forth and when 
letting in chemicals that no gas escapes and no air 
enters the apparatus. 

For good combustion, the gas should analyze from 
8 to 10 per cent of carbon dioxide, 10 to 12 per cent of 
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FIG. 5. AUTOMATIC RECORDING ORSAT 


oxygen, and merely a trace, if any, of carbon monoxide. 
The balance of the flue gas is- principally nitrogen and 
its exact determination is of little consequence after the 
percentages of the above three gases have been ascer- 
tained. 


Orsat APPARATUS 


ANOTHER FoRM of gas analysis instrument is that de- 
vised by Orsat. This consists of three pipets, A, B, C, 
which are connected at the top through stop cocks to a 
common tube, D, and at the bottom to reagent bottles, 
P, E and F, by flexible rubber tubing. A graduated 
buret or measuring tube, G, is connected at the bottom 
through the rubber tubing, H, to pressure bottle I. Tube 
D connects the measuring tube to the source of the gas 
supply, through cock K. 

To operate this apparatus, the pressure bottle is filled 
with water and raised until the water level in the 
measuring tube reaches connection D, with stopcock 
K open. The gas connection is then made and, by 
lowering the bottle, gas is drawn into the measuring 
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tube until its volume reaches 100 ¢.c. With stop cock 
K closed, the gas is then passed into pipets A, B and C 
in the same manner as with the Eliot apparatus, and the 
volume of the gas noted in each case after treatment. 
The reagents employed are the same as with Eliot ap- 
paratus, and are passed into pipets A, B, C by pressing 
bulb L. 


AUTOMATIC RECORDERS 


AN Orsat instrument of the automatic recording 
type is shown in Fig. 5. A solution of caustic potash 
is used as a reagent and operation is dependent upon the 
flow of a stream of water and the periodic operation of 
an automatic syphon. There are three moving members, 
a clock movement for rotating the chart, a pen-actuating 
float and a dotting mechanism. 

Frequency of analysis is governed by the operating 
period of the automatic syphon which is regulated by 
a valve in the water inlet pipe. Water operating the 





FIG. 6. CO, RECORDER EMPLOYING MERCURY VALVE 


instrument enters through inlet pipe 1 and flows through 
coils surrounding absorption vessel 2 and measuring 
vessel 3, submerged in water tank 4; water passing 
through the coils equalizes its temperature and that of 
the water in the tank maintaining the mechanism and 
the gases at practically uniform temperature. 

The water flows through the coils into measuring ves- 
sel 3 and traps a definite voume of gas in bulb 5, forcing 
it over through tube 6 to absorption vessel 2, where it 
bubbles up through caustic solution 7, which absorbs the 
CO, present. Above the caustic solution is a layer of 
oil 8, and above that gas chamber 9. A float tube, 10, 
terminates in tube 11, which extends through the oil 
almost to the level of the caustic solution. Pressure in 
chamber 9 causes oil to flow through tube 11 into float 
tube 10, which encloses a float carrying pen 13. Move- 
ment of this pen is dependent upon the quantity of gas 
forced into the gas chamber by the rising water—the 
gas reaching the gas chamber being the residue of the 
original sample after the CO, is removed. The water 
rising in float tube 14 raises a float which operates dot- 
ting mechanism 16, causing the pen to press against the 
chart. . 
The water now syphons out through 17, and, as th 
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syphon takes water away faster than it is delivered, the 
float in 14 drops, releasing pen 13. As water continues 
to syphon out, pressure in the gas chamber decreases and 
eventually balances to atmospheric through exhaust pipe 
22, the float in tube 10 dropping to normal position. 
Water passing through the syphon operates aspirator 18, 
creating suction through water seal 19, and draws flue 
gas through filter 20. Part of this is drawn through the 
filter into measuring vessel 3 through intake pipe 21. 
When syphon 17 breaks, pressure of the gases in measur- 
ing vessel 3 balances and the cycle is resumed by the 
rising water trapping the unit quantity of gas in bulb 5. 

The distinguishing feature of the CO, recorder illus- 
trated in Fig. 6 is a mercury valve. By means of a sys- 
tem of tubes and this valve, a fixed quantity of gas is 
trapped and passed through a vessel containing caustic 
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FIG. 7. CO, RECORDER EMPLOYING BELL FLOATS 


potash by which the CO, is absorbed, the reduction in 
volume operating so as to show on the chart the per- 
centage of CO,. Water rises and falls in these tubes 
and by means of the mereury valve and a water over- 
flow, the levels of the liquids are automatically corrected 
at the end of each cycle of analysis. 

To remove soot and other foreign matter, the gas 
is passed through a filter. The gases are taken from the 
last pass in the case of a water-tube boiler or from the 


. uptake of a fire-tube boiler, through a 1-in. pipe which 


leads direct to the condenser and filter, and from the 
filter the gases are carried by a 14-in. pipe to the an- 
alyzer. 

Caustic potash used as the absorbent should be 
changed about once each month and the filtering mate- 
rial whenever necessary. Analyses are made at inter- 
vals of about 3 min. 

Another instrument operated by a continuous stream 
of water is that shown in Fig. 7. The water enters 
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reservoir K through inlet X and overflows at O. A por- 
tion of the stream flows into tank A through pipe F 
and causes bell float B to rise, permitting bell D of the 
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FIG. 8. DIAGRAM SHOWING PRINCIPLE OF OPERATION OF 
METER ILLUSTRATED IN FIG. 9 


extractor to fall. When B reaches the top of its stroke, 
it raises valve stem E, trips the valve and causes the 
water to syphon out of tank A through syphon tube G. 
Lowering of the water level allows the bell to sink. As 





Fig. 9. METER OPERATED ON PRINCIPLE THAT CHANGE OF 
VOLUME PRODUCES A CHANGE ‘OF PRESSURE 


it descends it draws up water-sealed extraction bell D 
and creates a partial vacuum under this. Flue gas then 
flows from the source of supply through P and H into 


January 1, 1920 


the bell. The water discharged from syphon tube G 
into small vessel V beneath it overcomes counterweight 
and closes balance valve H, thus entrapping a fixed 
volume of gas in the extractor bell. 

The stream of water flowing into tank A causes float 
B to rise and bell D to sink, as before. Lowering of bell 
D forces the entrapped flue gas through the caustic 
potash solution in vessel M into water-sealed recorder 
bell J, the displacement of which is less than that of 
bell D by the volume of CO, absorbed in vessel M. The 
percentage of CO, is thus indicated by the position of 
bell J with reference to graduated scale N. The pen 
mechanism is attached to bell J and records the per- 


centage of CO, by. the length of lines on a clock-driven 


chart. 

In the operation of the instrument shown in Figs. 
8 and 9 a somewhat different principle of operation is 
employed. The gas to be analyzed is drawn through 
two apertures, A and B, Fig. 8, by a constant suction 
produced by an aspirator. With the apertures main- 


tained constant in temperature, the suction or partial 


vacuum in the chamber between the two apertures will 
remain constant as long as all the gas passes through 
both apertures; if, however, part of the gas be taken 





Fig. 10. cO, INDICATOR FIG. 11. SIMPLE GAS ANALYZER 
OF THE PORTABLE WHICH READS CO, DIRECT 
TYPE 


away or absorbed, as by the absorption chamber shown 
in the space between the two apertures, the vacuum will 
increase in proportion to the amount of gas absorbed. 
If a light vacuum gage is connected with this chamber 
by means of the connections indicated, the amount of 
gas absorbed will be indicated by the gage reading so 
that the gage can be readily calibrated in per cent 
CO, in the flue gas. Each instrument is provided with 
an indicator and a recorder and, owing to the flexibility 
in the matter of installation, the meter can be located in 
any clean and convenient part of the plant, while the 
indicator can be placed in the boiler room for the guid- 
ance of the fireman and the recording gage mounted in 
yet another location. 

Two small portable so-called pocket CO, indicators 
are illustrated in Figs. 10 and 11. With the former, 
the time required to make one determination is about 
214 min. To operate, the lower bulb is filled with a 
solution of caustic potash; a sample of the flue gas.is 
then pumped through the upper cock into the grad- 
uated neck of the instrument. When this has become 
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completely filled with the gas to be tested the upper 
cock is closed and the lower cock turned 180 deg. which 
permits the gas and caustic potash to come into inti- 
mate contact. The caustic potash absorbs the contained 
CO., forming a partial vacuum in the instrument. After 
sufficient time for this chemical action to take place, the 
lower cock is closed and the instrument inverted and 
immersed in water. The upper cock (the one through 
which the gas entered the instrument) is opened and 
water enters to take the place of the CO, absorbed. 
After closing the cock again and bringing the apparatus 
to normal upright position the per cent of CO, is read 
off on the tube at the water. level. 

The instrument shown in Fig. 11 consists of a cored 
cylinder with hollow extended base. To this cylinder 
is connected a delicate vacuum gage, the hand of which 
swings over a scale calibrated to read the percentage of 
CO, in the gas. 

Caustic potash solution with a small percentage of 
mineral oil is poured into a funnel near the bottom of 
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the cylinder, the vent at the top being open to allow 
the escape of air. About 12 oz. of this solution is used 
for one charge which is sufficient for 300 tests. The oil 
at once separates, rising to the top of the liquid, thus 
sealing the surface of the caustic potash from the gas 
in the cylinder and keeping it unaffected until the in- 
strument is shaken. 

By means of a special connection, a hose is connected 
to the sampling tube and with both cocks open gas is 
pumped in at the top and out at the bottom of the 
cylinder, thus giving it a thorough scavenging; closing 
the upper, then the lower cock traps the «ample to be 
tested. The instrument is then shaken, which exposes 
the caustic potash to the gas and the CO, is immediately 
absorbed, creating a vacuum in the chamber proportional 
to the amount of CO, in the sample; this vacuum in 
terms of per cent CO, is indicated upon the dial. 

The oil then rises rapidly to the surface of the liquid, 
sealing it from the contents of the cylinder and the 
instrument is ready for another test. 


Calorimeters 


How ConstrucTEeD AND USED 


HEN the moisture present in steam does not ex- 

ceed 5 per cent, the most suitable calorimeter for 

use under pressures ordinarily employed is the 
throttling such as shown in Fig. 1. Essentially this con- 
sists of an insulated chamber, C, fitted with an orifice, 
O, having a diameter of about 1/16 in., a thermometer 
well, W, and provided with steam, exhaust and manom- 
eter connections in the manner indicated, the steam 
connection being made by means of a valve, V, and a 
sampling pipe. This, according to A. S. M. E. recom- 























FIG. 1. AT LEFT—THROTTLING CALORIMETER. AT RIGHT— 
SEPARATING CALORIMETER 


mendations, should be 1% in. in diameter with at least 
20, 1%4-in. holes uniformly drilled in spiral rows; the 
pipe should be closed at its end and should extend to 
within 4% in. of the farther wall of the steam pipe. 
Steam from the sampling tube passes through the 
orifice and into chamber C where its pressure due to its 
passage through the orifice and its ready means of dis- 
charge through valve V, is but slightly in excess of that 
of the atmosphere. 
As, with superheat not existing, the heat contained 





by 1 lb. of steam at high pressure is greater than that 
contained in steam at low pressure, the steam upon reach- 
ing chamber C contains an excess of heat which evapo- 
rates the moisture carried in with the steam and super- 
heats both. 


With the assistance of a table showing the proper- 
ties of saturated steam and readings of a gage showing 
the pressure of the steam in the pipe, the thermometer 
and the manometer, the quality or relative dryness of 
the steam may be readily determined either mathemat- 
ically or by means of a chart designed for that purpose. 
With P, representing the pressure of the steam in the 
main, in pounds per square inch absolute, P, the pres- 
sure of the steam in the calorimeter also in pounds per 
square inch absolute (manometer reading plus atmos- 
pheric pressure), r, and h, the heat of vaporiza- 
tion and heat of liquid respectively, corresponding to 
pressure P, expressed in B.t.u., H, and t, the total 
heat (B.t.u.) and temperature (degrees Fahrenheit) 
corresponding to pressure P,, C the specific heat of 
superheated steam which for all practical purposes may 
be taken as 0.47, t, the actual temperature in chamber 
C as measured by the thermometer, x, the initial quality 
of steam and 1-x, the initial moisture in steam, the value 
of x, is determined by the formula: 


x, = [H, + 0.47 (ts-t,) —h,] +r, 


Accurate resylts are obtainable by the use of the 
chart shown in Fig. 2. Let us assume the pressure within 
the pipe to be 175 lb. absolute, the temperature within 
the calorimeter 290 deg. F. and the reading of the 
manometer such as to indicate a pressure of 15.5 Ib. 
within the calorimeter. From the intersection of the 
290 deg. F. temperature ine and the 15.5 lb. pressure 
line we find by following the horizontal dotted line to 
the left to the 175 lb. pressure line that the dryness 
quality of the steam is 0.988 or 98.8 per cent, or that 
the per cent of moisture present is equal to 1.2 per cent. 
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SEPARATING CALORIMETERS 


SHOWN IN Fig. 1, at right, is a typical separating 
calorimeter, an instrument particularly well adapted for 
the determination of moisture in steam carrying more 
than 5 per cent entrained water. Mechanical separa- 
tion is employed in this instrument. Steam at A, passes 
down through the vertical pipe into the perforated basin 
or separator from which the dry steam escapes, passing 
down through the jacket and out of orifice O into the 
atmosphere. 

The weight of steam passing through this orifice each 
second is equal to the quotient obtained by dividing the 
product of the absolute pressure in pounds per square 
inch behind the orifice and the area of the orifice in 
square inches, by 70, and as in each instrument the 
value of the area of the orifice is fixed, it is evident that 
the gage may be calibrated in pounds flow per second 
instead of in pounds pressure, thus giving a direct read- 
ing and eliminating much calculation. 

In operation, a sample of steam is caused to pass 
through the calorimeter and, after the instrument is 
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FIG. 2. CHART FOR DETERMINING QUALITY OF STEAM 


well heated, initial and final readings of scale S are 
made together with a number of gage readings to deter- 
mine an average value. Multiplying this average read- 
ing by the number of minutes operation indicates the 
total number of pounds of steam flowing which when 
divided by the sum of this total number of pounds of 
steam and the number of pounds of water taken into the 
separator (that is difference between initial and final 
scale readings) will give the quality. 


CoMBINED CALORIMETERS 


THE APPARATUS shown in Fig. 3, a combined separat- 
ing and throttling calorimeter, is more suitable for the 
determination of moisture in low-pressure steam than 
either of the other types. By use of the separating calor- 
imeter most of the moisture is removed and the small 
remainder is registered by the throttling calorimeter. 
This discharges into a receiver in which a high vacuum 
is maintained. 

The %-in. brass nozzle of the sampling tube of this 
calorimeter described in the 1910 Trans. A.S.M. E. is 
filed to a knife edge to reduce the disturbance of the 
steam current to a minimum and should be located at a 
distance of 1/6 the diameter of the pipe from its side. 
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The lever cock between the two calorimeters produces 
the necessary throttling action. In the throttling mem- 
ber, steam is condensed in a vacuum receiver from which 
it flows to a volumetric measuring tank. 

The spy glass is for the purpose of observing the 
passage of moisture. 

When using the combined separating and throttling 
calorimeter, the quality of the steam may be determined 
by employing the following formula: 

hears (W, X») ar (WwW, +W,) 
where W, is the weight of moisture in pounds collected 
in the separating calorimeter in a given interval of time, 
W, is the weight of dry steam condensed after passing 
through the throttling calorimeter and x, is the quality 
of steam discharged from separating portion and as 
determined by the throttling calorimeter. 
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FIG. 3. COMBINED SEPARATING AND THROTTLING 
CALORIMETER 


If considerable radiation is encountered use x, = 
[(W, + R) x,] + (W, + W,) in which R is the num- 
ber of pounds of condensate due to radiation. 


BARREL CALORIMETERS 


WHERE OTHER TYPES are not available and no great 
degree of accuracy is required, the barrel calorimeter 
will be found serviceable. This consists of a barrel of 
water mounted on a platform scale and connected to a 
source of steam supply by means of a sampling tube, the 
open end of which extends below the surface of the water 
in the barrel, a thermometer for reading the tempera- 
ture of the condensing water and a pressure gage at- 
tached to the steam line. 

After the barrel is filled with water to within about 
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6 in. of the top, the temperature is observed and the 
weight carefully noted. With the sampling pipe drained 
of all moisture and condensate, the steam is turned on 
for a period sufficiently long to bring the temperature 
of the water as much above that of the room as it was 
below. The steam is then shut off and the weight and 
temperature again observed and noted to determine the 
amount of steam added and the temperature rise. 

While making this test, it is well to stir the con- 
densing water vigorously and to eliminate the necessity 
of making a correction for the heat absorbed by the 
calorimeter, it is advisable, previous to making the test, 
to fill the barrel with water heated to a temperature of 
about 150 deg. F. by the addition of hot water, and then 
carefully drain. Spite of this precaution, however, it 
is in the interest of accuracy to calculate the water 
equivalent of the heat absorbed by the barrel which may 
be done in the following manner: Multiply the weight 
of water added in pounds by the difference between the 
temperature of the water added and the temperature 
of the mixture (both in degrees F.) and divide the prod- 
uct by the difference between the temperature of the 
mixture and the temperature of the original water in 
the calorimeter. From the quotient then obtained sub- 
tract the weight of the water first placed in the 
calorimeter. ’ 

Without losses or where correction has been made for 
such, it is obvious that the heat lost by the steam is 
equal to that gained by the water. Or expressing this 
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mathematically, we have (X.~%+d.—d:) W.=(W, 
+) (t,— ty). 

Where W, is the weight of water in calorimeter in 
pounds; W, the weight of steam added in pounds; ¢ is 
the water equivalent as determined above; t, initial 
temperature of water in calorimeter in degrees F.; t, 
final temperature of water in degrees F.; P,, pounds 
pressure of steam; r,, heat of vaporization of steam 
(B.t.u.) corresponding to P, and q, and q, the sensible 
heat of liquid (B.t.u.) corresponding to P, and t,. 

The value of x, or quality of the steam may then be 
determined by transposing the above formula thus 
giving: 
(W,+¢) (t,—t,) 4 G2— qo 


Woks 5 


CALIBRATION 





xX» = 


SEPARATING CALORIMETERS may be calibrated in the 
following manner. Allow chamber C of the instrument 
shown at the right of Fig. 1 to fill with water separated 
from steam passing as in operation, noting the reading 
of scale S after shutting off the steam. Then through 
pet cock P allow an amount of this water to drain into 
a flask containing cold water and after closing this pet 
cock, again note reading of scale 8. The difference be- 
tween the two scale readings should be equal to the 
gain in weight of the receiving flask with contents before 
and after taking water out of the calorimeter. 


Testing Heat Values of Fuels 


CALORIMETERS, THEIR 
CONSTRUCTION AND USE 


OR determining the heat value of coal the Mahler 

_ bomb calorimeter, Fig. 1, is the most accurate de- 

vice so far brought forward. This consists of steel 
shell, B, with cover, capable of withstanding a pressure 
of 50 atmospheres. The capacity is about 40 cu. in. and 
the weight 9 lb. The walls are 0.3 in. thick. The in- 
terior is lined with a coating of enamel to resist corro- 
sion and the outside nickel plated. In the cap is a tube 
with stop cock, through which runs a well-insulated 
electrode with a platinum wire on the inner end. The 
second platinum wire of the circuit supports a small 
disk on which the fuel to be burned is placed. 

The calorimeter vessel holds about 5 lb. of water and 
is made of thin brass of size to hold the bomb conven- 
iently immersed. A screw agitator works outside the 
bomb to bring all water to the same temperature and 
a finely divided thermometer is placed in the water. 
Outside the calorimeter shell is a layer of non-conduct- 
ing material and occasionally the whole apparatus is 
enclosed by another vessel containing water to prevent 
radiation. ad wy 

Care should be taken that the ignition wire dips well 
into the coal and that the fuel, if anthracite, be pow- 
dered very fine, at least to pass through a screen of 100 
mesh to the square inch; bituminous coal may be some- 
what coarser. Caution should also be taken to see that 
there is no leakage around the bomb. This can be de- 
tected by watching the gage after the bomb is filled with 
oxygen and the tank has been shut off. If there is a leak 
the pressure gage reading will drop gradually. 


To use the apparatus, a gram, or 15.4 grains avoirdu- 
pois, of fuel is weighed and placed in a little porcelain 
dish which rests on the platinum disk at C. A fine iron 
wire is fastened to the electrode, F, and to the support 
of the disk. The cover is then put in place and firmly 


























hms FIG. 1. THE MAHLER BOMB CALORIMETER 


clamped down, joint with the bomb proper being made 
by a lead gasket. 

The stop cock is now connected with a cylinder of 
oxygen which is under 50 atmospheres pressure and the 
stop cock opened until the required pressure inside the 
bomb is obtained. The connection between cylinder 
and bomb is then broken and the bomb put into the 















calorimeter, the screw agitator and thermometer ad- 
justed and the calorimeter filled with water which has 
previously been weighed. 

In handling the bomb after the dish has been filled 
with the fuel charge, care should be taken not to tip 
it sidewise nor to jar it, so that none of the fuel will 
be spilled out of the dish. 

Stir the water and take observations with the ther- 
mometer to make sure of the initial temperature. 

When this has been established, connections are made 
from the gas cylinder to the bomb and the battery to 
the electrode. Current is passed through the electric 
circuit igniting the fuel. Thermometer readings are 


taken each half minute until the maximum temperature 
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FIG. 2. THE CARPENTER FUEL CALORIMETER 


is reached, as shown by the temperature beginning to 
drop and observations are continued long enough after 
the maximum to determine the rate of fall. When this 
has been established the test is finished. 

The battery and gas cylinder are disconnected, the 
conical valve opened and the bomb removed from the 
calorimeter. The bomb is then washed out with: dis- 
tilled water to determine the weight of nitric acid. 

Correction for cooling is a factor expressing the rate 
of cooling per minute. This is determined by finding 
the drop in temperature from the maximum over a 
period of 5 or 10 min. and dividing the average fall in 
temperature during this time by the number of minutes. 
This will give the fall per minute. Multiply this by 
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the number of minutes of the combustion period and it 
will give the loss in temperature due to cooling. 

We have then this rule: Add the difference between 
observed original and maximum temperatures to the 
correction for cooling. Then add to the weight of the 
water the water equivalent of the bomb and other metal 
parts, which will be given with the instrument. Multi- 
ply these two sums together, and from the product sub- 
tract the sum of the weight of nitric acid times 0.23 
and the weight of the iron wire times 1.6. The remainder 
will be the heat value in calories for 1 gram of the 
fuel. Multiplying this value by 1800 gives the B.t.u. 
per pound. 


THE CARPENTER CALORIMETER 


THIS CALORIMETER is shown in sectional view in Fig. 
2. A combustion cylinder, 15, is provided with a re- 
movable bottom, 17, through which the tube, 23, passes 
to supply oxygen. Also through this removable bottom 
the wires, 26 and 27, pass which carry electrical current 
to ignite the fuel. Above this removable bottom is car- 
ried the asbestos combustion dish, 22, which holds the 
fuel. For reflecting the heat upward from the bottom 
of the combustion cylinder a silvered mirror, 38, is pro- 
vided so that heat does not pass downward to any extent 
from the bottom of the combustion cylinder. Alternate 
layers of asbestos and vuleanite are fastened together 
to form a plug of this removable bottom and the whole 
thing is kept in place by a tight fit into the orifice. 

Products of combustion pass upward through the 
spiral tube, 28, and then downward through 29, 31 and 
30, to the small chamber, 39, which is connected on the 
outer end with an open U tube gage. The water in the 
chamber surrounding the combustion cylinder forms 
a bath which is connected with an open glass gage, 10, 
above the water chamber. A diaphragm, 12, above the 
water is used to adjust.the level. From the small cham- 
oer, 39, a pinhole exit, 41, serves to allow the products 
of combustion to escape slowly. The outer casing is 
nickel plated and polished on the inside to prevent 
radiation of heat. 

Five pounds of water are placed in the bath and 
the charge of fuel used is 2 grams. Coal which is to 
be tested is ground to a powder in a mill or mortar and 
the asbestos cup is heated through to drive off all organic 
matter. This cup is then weighed, the sample placed in 
it and the whole weighed together. The difference gives 
the weight of the coal used for the test. The cup is then 
placed in proper position on the bottom plug which is 
inserted in the combustion cylinder. 

Raise the ignition wire above the coal, turn on the 
current which will, of course, heat the air in the cylin- 
der and cause the water to rise slightly in the glass 
tube. As soon as this commences, turn on the oxygen 
and pull down the ignition wire to kindle the coal, at 
the same instant taking the reading on the glass scale. 
Windows are provided in the top of the water chamber 
and the combustion cylinder so that the process of com- 
bustion can be watched and as soon as this is finished 
the scale reading and the time should be taken. The 
difference between the first and last readings will be 
the actual scale reading. This must be corrected for 
radiation. 

To make this correction let the apparatus stand with 
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the oxygen shut off as long as it took for the combus- 
tion to take place, then take the scale reading and the 
time. It is assumed that the drop in the scale reading 
during this time will indicate the amount of the radia- 
tion which took place during the combustion and should, 
therefore, be added to the actual scale reading to give 
the corrected reading. With each calorimeter is fur- 
nished a calibration curve from which by comparison 
with the corrected scale reading the B.t.u. develope-l 
during the combustion can be found. The amount of 
ash is determined by weighing the asbestos cup after 
combustion. Dividing the number of B.t.u. developed 
during the test by the weight of coal burned in pounds 
gives the B.t.u. per pound. 

Tests of liquid fuels are made in the same way as 
those for solid fuels and the same calorimeters can be 
used for one class as for the other. 

The heating value of solid fuels, in B.t.u., may also 
be determined by means of the following formula: 

O 
Heat value= 14,600 C + 62,000 (H ——) + 4000S 
8 


where C, H, O and §S are the weights in lb. of carbon, 
hydrogen, oxygen and sulphur respectively in one pound 
of the fuel. 


TresTING Gas FuELs 


THE MOST SATISFACTORY apparatus for measuring the 
calorific power of gas is the Junker calorimeter, Fig. 3, 
as described in Gas and Fuel Analysis, by Gill. It is port- 
able, burns fuel at atmospheric pressure and can be 
operated continuously for any length of time. This 
apparatus has a combustion chamber, 28, surrounded by 
water jacket 15, 16, through which pass a great number 
of tubes; air space, 36, outside serves as a jacket to 
prevent radiation from the water bath. 

Water for the jackets is passed in at 1, goes down- 
ward through 3, 6 and 7, and leaves the jacket at 21. 
The gases from combustion enter the tubes at 30 and 
pass downward, leaving at the bottom through the space, 
31, and passing outward through the outlet, 32, 33; 
water and gases, therefore, move in opposite directions, 
so that the hottest water comes in contact with the en- 
tering gases. The heat is practically all transferred from 
the gases to the water by the time that the gases reach 
space, 31. 

Gas to be burned is metered and then passed into 
the apparatus through cock, 32. A pressure regulator is 
introduced between the meter and calorimeter to insure 
constant pressure, which makes the source of heat con- 
stant in quantity and the water in the calorimeter is 
provided with two overflows so as to make the absorbing 
quantity constant. The thermometer at 12 measures the 
temperature of the entering water and one at 43 that 
of the water leaving. 

In order to determine the heating value of gas, four 
quantities are to be ascertained: (1) The number of 
cubic feet of gas burned; (2) the quantity of cooling 
water used; (3) the rise in temperature of the cooling 
water; (4) the quantity of water condensed from the 
exhaust gases. 

In operating the calorimeter, the cooling water is 
first allowed to flow through the upper overflow, then 
the water is allowed to pass through the calorimeter by 
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opening the regulator, e, Fig. 3, near the bottom of the 
calorimeter. Gas is then turned on at the meter and 
lighted at the burner. The flow of gas should be such 
that 1 ev. ft. is burned in from 10 to 15 min. Next, the 
cooling water should be regulated so that the increase 
in its temperature is only from 12 to 51 deg. The ther- 
mometers used in the cooling water are graduated to 
0.1 deg. 

When the required regulations are made and the 
temperature of the leaving cooling water is nearly con- 
stant, a run of 5 min. may be made and readings taken. 
Care must be taken to read the meter and the cooling 
water simultaneously. The temperatures of the enter- 
ing and leaving water may be taken alternately each half 
minute so as to get their average values. 

The heating value, H, of the gas may then be com- 
puted as follows :* 

Subtract the average temperature of entering water 
from that of the leaving water; multiply by the pounds 
of water used and divide by the cubic feet of gas used, 
reducing to standard conditions of temperature and 
pressure, 62 deg. F. and 30 in. mercury pressure. 

Water formed by the combustion of hydrocarbons 
collects from the exhaust gases at 34 and is drained off 
through outlet 35. 

Under practical conditions, the water formed by the 
complete combustion of hydrocarbons in the gas is not 























THE JUNKER GAS CALORIMETER; ARRANGEMENT 
AND SECTIONAL VIEW 


Fig. 3. 


condensed and does not give up its latent heat of vapor- 
ization, but passes off taking with it its heat of vapor- 
ization. 

The value of H, then, is too large and the ‘‘effec- 
tive’’ value of the gas must be determined. To find 
the ‘‘effective’’ value, multiply the weight of condensed 
water in pounds by 966, divide the product by the num- 
ber of cubic feet of gas and subtract the result from H, 
this new value, H?, is the ‘‘effective’’ value of the heat- 
ing power of the gas in British thermal units. 


cc 


*As a formula 
H = (ti — te) W+V 

in which t; and te are the average initial and final temperatures of 
the cooling water, W is the weight in pounds of the cooling water, 
and V is the number of cubic feet of gas reduced to standard condi- 
tions of temperature and pressure, as, for example, deg. F and 
1,7 lb. per square inch, assuming that the volume of the gas is pro- 
portional directly to the waar and inversely to the pressure, 

H! = H — (966xX W+V) 
where W is condensed water of combustion, 
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Electrical Instruments 


Meters FOR MEASUREMENT OF CURRENT FLOW, 
VoLTacE, Powrr, FREQUENCY AND SYNCHRONISM. 


electrodynamometer type of ammeter is extensively 

employed. In this the current flows through two 
coils, one stationary and the other pivoted, and as the 
pointer is attached to the latter, this is caused to swing 
across a graduated scale due to the force acting between 
the coils as a result of current flow. Although this in- 
strument can be used also for direct-current work, the 
results obtained are not very satisfactory because of the 
small deflecting forces and the fact that the direction of 
deflection cannot be reversed by a reversal of current 
flow. 


| ae accurate alternating-current measurements the 
























FIG. 1. TYPICAL DIRECT-CURRENT AMMETER 


In the hot-wire type current is made to flow through 
a wire, at the mid-point of which is attached a fine thread 
with one turn around a small spool and terminating in a 
spiral spring. As the current flows through the ‘‘hot 
wire,’’ this becomes heated and expands with the con- 
sequence that, due to the action of the spring, the thread 
is drawn downward and the spool made to turn, the 
degree of rotation depending upon the amount of ex- 
pansion of the hot wire. As the pointer is fixed to the 





















Fig. 2. TYPICAL ALTERNATING-CURRENT AMMETER 


spool, its deflection is proportional to the current flow. 
A common type of ammeter is the plunger instru- 


ment in which a piece of soft iron is magnetized and 
deflected by a coil of wire through which the current to 
be indicated flows; the pull of the coil is opposed by a 
spring. In a modified form of this type, a soft iron vane 
is attached to a pointer controlled by hair springs. With 
the design employed the vane is strongly magnetized 
although the current flow is but a small fraction of the 
capacity of the instrument. 

For low rates of current flow, ammeters may be di- 
rectly connected into the circuit as shown in Fig. 3, while 
where heavy currents are to be handled, direct-current in- 
struments are usually equipped with shunts which allow 
but a small fraction of the current to pass through the 
instrument windings. This is illustrated in Fig. 4. For 
alternating current work, a current transformer is used 
instead of the shunt. 


VOLTMETERS 


THESE, except the electrostatic voltmeter, are essen- 
tially high-resistance ammeters. In the electrostatic 
instrument, which is generally employed for high volt- 
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FIG. 3. AMMETER CONNECTED DIRECTLY TO CIRCUIT 
FIG. 4. AMMETER CONNECTION EMPLOYING SHUNT 
FIG. 5. ALTERNATING CURRENT AMMETER USED IN CONNEC- 
TION WITH CURRENT TRANSFORMER 


age work only, there are two plates, one fixed and the 
other suspended, the latter carrying the pointer which 
plays over a graduated scale. Due to electrostatic at- 
traction, when the instrument@is connected to the line, 
these plates attract one another and as a result the sus- 
pended member is made to turn, the degree depending 
upon the value of the applied electromotive force. 

For all direct-current work, except where so-called 
multiplying coils become necessary, and for low-voltage 
alternating-current work, voltmeters are connected as 
shown at A, Fig. 6; while, when used on high-tension 
alternating-current circuits, it is usual to employ a 
potential transformer and, although the voltage applied 
to the terminals of the instrument is much less than that 
carried on the line, the meter is graduated so as to read 
line voltage. 


Wart AND WattHour METERS 


In Fig. 7 is shown a scheme of connection of an 
indicating wattmeter. Within stationary coil B is a sus- 
pended fine wire coil, A, movable and carrying a pointer 
which moves across a graduated scale, the degree of 
deflection depending upon the degree of force acting 
between the two coils. This, in turn, is proportional to 
the power in watts. R is a non-inductive resistance. 
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Watthour meters may be divided into three general 
types: Commutator meters, mercury meters and induc- 
tion meters. The first consists of a small armature 
mounted upon a steel shaft, and revolving between two 
field coils, which carry the load current and produce the 
magnetic field in which the armature rotates. The arma- 
ture or rotating element is similar. to that of a direct- 
current motor. 

Figure 8 shows the diagram of connection of such a 
meter in which the field coils are connected in series with 
the load, while the armature circuit consisting of the 
armature, an adjustable light-load coil, LLC, and a re- 

POTENTIAL 
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FIG. 6. A—DIRECT-CONNECTED VOLTMETER 
B—VOLTMETER USED WITH POTENTIAL TRANSFORMER 























sistance, R, is connected across the circuit. The current 
through the armature winding, or pressure circuit, varies 
with the voltage which, on constant-potential circuits, is 
maintained at practically a fixed value. The strength 
of the field varies with the load current, and, as the 
torque due to the potential circuit and that due to the 
load current are acting at all times the meter is in opera- 
tion, the torque acting on the armature is proportional 
to their product, or the power. 

In order to make the speed proportional to the power, 
some form of mechanical load must be provided, with a 
counter torque proportional to the speed. This counter 
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FIG. 7. DIAGRAM OF CONNECTIONS OF INDICATING 
WATTMETER 














torque is generally obtained by mounting on the arma- 
ture shaft a disk or cup-shaped piece of copper or alumi- 
num, arranged to revolve between the poles of several 
permanent magnets, producing a counter torque propor- 
tional to the speed. As the speed increases, the counter 
torque of the disk or generator element also increases, 
until a speed is reached where the two torques balance 
each other and the speed remains constant for a given 
load. Thus, neglecting friction of the moving parts, the 
speed of the rotating element varies with the power. 

In addition to the main field coils, most meters of 
this type are provided with a smaller coil of fine wire, 
referred to above as the light-load coil, connected in 
series with the armature or pressure circuit, and mounted 
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in such a position that its plane is parallel to that of the 
main or series coils. The direction of current flow around 
this coil is the same as that in the series coils, so that the 
effect of these two eoils is in a like direction. This coil 
is commonly known as the light-load, friction or com- 
pensating coil, its function being to produce the torque 
required to overcome the friction of the moving parts. 

The magnetic effect of this coil on the armature is 
usually adjustable in one of two ways: Its position with 











FIG. 8. CONNECTIONS OF COMMUTATOR TYPE WATTHOUR 
METER 


respect to the armature may be changed, resulting in 
increased or decreased torque, as the coil is moved to or 
from the armature; or, the number of active turns in the 
coil may be changed, resulting in a change of torque 
without changing the position of the coil. 

Watthour meters of induction type operate on the 
principle of the rotating magnetic field of the induction 
motor. A thin disk or cup of copper or aluminum, gen- 
erally used as motor and generator element, is mounted 
on a delicately pivoted spindle and driven by an electro- 
magnetic device at a speed proportional to the power de- 
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FIG. 9. ESSENTIAL FEATURES OF ALTERNATING-CURRENT 
INDUCTION TYPE WATTHOUR METERS 


livered to the receiving circuit. The essential features 
of this magnetic device which, of course, are more or 
less modified in the various makes of meters on the mar- 
ket, are shown in Fig. 9. Disk DD rotates in front of 
three magnet poles of a laminated iron structure, the 
lugs of which are wound with coarse-wire coils S carry- 
ing the total current delivered to the receiving circuit 
and fine-wire coil P connected directly across the line. 
C is a compensating coil. The alternating magnetic 
fluxes from the poles establish currents in the disk as 
indicated by the arrows. Potential winding P with its 
many turns of fine wire is highly inductive, while the 





102 


series windings S are of heavy wire of comparatively few 
turns, and as a result are practically noninductive. As 
a consequence, the fluxes produced by the potential and 
current circuits are approximately 90 deg. apart. Each 
flux is in phase with the current producing it, and the 
electromotive force generated in the disk which is cut 
by the flux is in time quadrature with the generating 
flux. If it is assumed, therefore, that the fluxes pro- 
duced by coils P and S are in quadrature, the eddy cur- 
rents produced by P will be maximum at the same 
instant that the flux from S is a maximum, and vice 
versa. As a result, a torque will be produced which is 
proportional to the instantaneous product of the eddy 
currents in the disk and the flux from the pole under 
which the current is flowing. With the time phase dif- 
ference of the currents in coils P and E exactly at 90 
deg. at unity power factor, this torque is proportional 
to the power used. 

In order to have induction meters register correctly, 
it is necessary to have this time phase difference of the 


FIG. 10. INTERIOR OF FREQUENCY METER 


currents in coils P and S exactly 90 deg. Due, how- 
ever, to the ohmic resistance of winding P, this condition 
is never realized so that all induction type meters are 
provided with a short circuited compensating coil 
mounted on pole A, as shown in Fig. 9, and provided 
with a variable resistance r, so that by changing the 
value of r, the meter may be made to indicate correctly 
on both inductive and noninductive loads. This same 
result may also be accomplished by changing the re- 
luectanece of the pressure circuit. 

As induction meters are not entirely free from fric- 
tion, some compensation must be provided to overcome 
this, so that the motor may read correctly on light loads. 
This is generally accomplished by producing a flux at 
the potential pole face, slightly out of phase with the 
main flux. Thus eddy currents will be produced in the 
disk which will be in phase with a small component of 
the main flux, giving rise to a slight torque, which can 
be made sufficient to overcome the friction. A common 
method to produce this out-of-phase flux is to place a 
short-circuited copper circuit or thin copper punching 
in the potential pole air gap, in an unsymmetrical posi- 
tion, so that the desired unbalanced flux may be obtained. 

Like direct-current commutator meters, the speed of 
induction type meters may be varied by changing the 
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position of the damping magnets relative to the disk 
or cup. When disks are employed, the speed for a given 
load may be increased by changing the position of the 
magnets so that the effective flux will act nearer the 
shaft. Swinging the magnets out and thereby causing 
the flux to cut the disk at a greater distance from the 
shaft will result in a greater drag on the disk, with a 
consequent reduction of speed. The speed of meters 
provided with cups may be varied by raising or lower- 
ing the damping magnets. When lowered, the path of 
the magnetic flux of these magnets is shunted to some 
extent by the air gap between poles and less flux is 
allowed to act upon the cup, thereby increasing the speed 
of the revolving element. Raising the magnet, however, 
results in more flux acting on the cup with an attendant 
slowing down. The position of the light-load compen- 
sating coil may be changed by conveniently located 
screws and the light-load speed thus altered. 

Polyphase watthour induction meters consist of two 
or more motor elements and one or more generator ele- 
ments all mounted on a common shaft. Operation of 
the motor elements should be such that their combined 
torque for a given power will be the same on both bal- 
anced and unbalanced loads. 


FREQUENCY METERS 
THESE INSTRUMENTS consist essentially of two induc- 


tion voltmeter elements acting on a disk which consti- 
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S’YNGLE -PHASE POWER FACTOR IIETEG, - & pyaSe POWER FACTOR 
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FIG. 11. TYPICAL POWER FACTOR METER CONNECTIONS 


tutes the moving elements. The former tend to move 
the disk and the pointer shaft in opposite directions. 
One of the voltmeter coils is connected in series with a 
resistance, and the other is connected in series with a 
reactance, so that any change in frequency tends to 
change the relative strength of the two magnets and 
thereby cause rotation. 

The disk is so shaped that as it moves, the amount 
of its metal under the stronger magnet becomes less 
than that under the weaker magnet, so that with every 
rotation there is a point where the torques produced by 
the two magnets balance and the pointer comes to rest. 
No control spring is employed with this movement, as all 
forces controlling the action are electromagnetic. 


Power Factor METERS 


POWER FACTOR METERS, the diagram of connections 
of which are shown in Fig. 11, are designed to indicate 
directly and accurately the power factor of alternating- 
current circuits. These instruments operate upon the 
rotating field principle, the field being produced by the 
current of the metered circuit in coils set at an angle 
to each other. Under the influence of the field is pro- 
vided a movable iron vane or armature, magnetized by 
a coil whose current is in phase with the voltage of one 
phase of the circuit. As the iron vane is attracted or 
repelled by the rotating field of the current coils, it 
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will take up a position where the zero of the rotating 
field occurs at the same instant as the zero in its own 
field. Thus its position will always indicate the phase 
angle between the voltage and current of the circuit. 
The pointer attached to the armature, therefore, indi- 
cates this angle, and by marking on the scale the cosine 
of the angle, the power factor is read directly. 

In the three-phase meter the rotating field is pro- 
duced by three coils spaced 120 deg. apart and con- 
nected in the three phases of the circuit; in the two-phase 
meter by two current coils spaced at 90 deg.; in the 
single-phase meter the relative position of voltage and 
eurrent coils is reversed and the rotating field is pro- 
duced by means of a split-phase winding. No connection 
to the moving element is necessary. 


SYNCHRONIZING INSTRUMENTS 


IN ONE TYPE of synchroscope a rotating field is pro- 
duced by current from the bus bars passing through a 
split-phase winding and two angularly placed coils. In 
this rotating field is a revolvable iron vane, or armature, 
magnetized by a stationary coil connected across the lines 
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FIG. 12. SYNCHROSCOPE DIAGRAM OF FIG, 13. GLOWER TYPE SYNCHRONISM Fig. 14. DIAGRAM OF CONNECTIONS OF 
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of the incoming generator. As the armature is at- 
tracted or repelled by the rotating field of the coils con- 
nected to the bus bars, it assumes that position at which 
the zero of the rotating field occurs at the same instant 
as the zero of its own field. Thus its position at every 
instant indicates the phase angle between the voltage 
of the incoming machine and that of the bus bars. As 
this angle changes, due to difference in frequency, the 
iron vane or armature with the attached pointer rotates, 
and when synchronism is reached it remains stationary. 

Another synchroscope, that shown in Fig. 12, is 
in construction not unlike a small two-phase bipolar syn- 
chronous motor with the field or stator supplied with 
alternating current. Two coils placed at angles of ap- 
proximately 90 deg. and supplied with current from 
the incoming machines through the medium of collector 
rings constitute the armature windings; one of these 
coils is connected in series with a resistance, while the 
other is connected in series with a reactance. Due to 
this arrangement generating a rotating field in the arma- 
ture, while the stationary field is alternating, the arma- 
ture tends to assume a stationary position where the 
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fields coincide when the alternating field passes through 
its maximum value. Hence the armature and its at- 
tached pointer move forward or backward at a rate 
corresponding to the difference of frequency, and the 
position when stationary depends on the phase relation. 
When the machines are running at the same frequency 
and in phase, the pointer is stationary at the marked 
position. 


GLOWER-TYPE SYNCHRONISM INDICATORS 


For SYNCHRONIZING low-voltage machines or high-’ 
voltage machines in connection with which transformers 
are required for indicating or measuring purposes, lamps 
or electromagnetic indicators find their greatest field of 
usefulness. But when desired to connect together sys- 
tems in which transformers are not required for indi- 
cating and measuring instruments, the equipment is 
comparatively inexpensive and the higher the voltage, 
the greater is such expense. With electrostatic syn- 
chronizers, however, no transformers are required, as 
they operate entirely on the charging current of the 
line insulators. 


Zine Insulators —_ 


GLOWER TYPE SYNCHRONISM INDICATOR. 


An indicator of the type for two-phase service is 
shown in Fig. 13, mounted with two three-phase discon- 
necting switches on a regular switchboard panel. The 
synchronizer proper consists of a case containing three 
electrostatic glowers connected to the lines to be syn- 
chronized through the medium of the disconnecting 
switches and strain or suspension-type insulators. The 
terminals of one of the glowers are connected to the 
same phase of running and incoming lines, while the 
terminals of the other two glowers are each connected 
to dissimilar phases. 

With the incoming machine up to proper speed and 
voltage and ready to be synchronized, the disconnecting 
switches are thrown in at once, causing the glower ele- 
ments to flicker in a manner not unlike that of the ordi- 
nary synchronizing lamps; the apparent direction of 
rotation indicates the relative speeds of the- incoming 
and running machines. When these machines are, how- 
ever, in exact synchronism, the rotation will stop and 
the upper glower, Fig. 14, that one, the terminals of 
which are connected to the same phase, will’ be dark, 
while the others will remain lighted. 
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Apparatus for Special Service 


Borer PERFORMANCE Merers, Water Leven InopI- 
CATORS, PLANIMETERS, BRAKES AND TACHOMETERS 


UMEROUS METERS which provide the operator 
N with information regarding the performance of 

steam boilers are available. One of these is illus- 
trated in Fig. 1 and, as may be seen, not only gives 
the rate of steam output, but also shows whether or 
not this steam is being generated economically. It does 
this by recording on one chart both the rate of steam 
flow from the boiler, in red, and the rate of air flow 
through the furnace, in blue. When the best possible 
economy is being obtained, these two pens travel along 
the same path and record like readings at any rate of 
output. When the air flow pen reads more than the 
steam flow pen there is an excess of air passing through 
the fire with consequent loss of heat in the flue gases, 












































































i 


FIG. 1. ILLUSTRATING CONSTRUCTION OF BOILER PERFORM- 
ANCE METER 


and when the air flow pen reads less than the steam 
flow there is a deficiency of air passing through the 
furnace, with resulting loss of heat. 

The instrument is also equipped with a flue gas tem- 
perature recorder which has a bulb extending entirely 
across the path of the gases where they are leaving the 
boiler heating surface, thus providing an average tem- 
perature reading and, together with the steam and air 
flow readings, a check upon the condition of the boiler 
heating surface and baffles. 

Nitrogen is used in the recorder bulb, which is 
made of 114-in. seamless steel tubing, having 14-in. 
walls. This is connected by means of a 1%-in. copper 
tube to a mercury U tube having one end open to the 
atmosphere in a reservoir, which carries a float. This 
float is attached directly to a pivoted yoke which car- 
ries the recorder pen. 





Operation of the steam flow recorder is by means 
of the differential pressure across a Monel metal orifice 
inserted between a pair of existing pipe flanges in the 
steam pipe between the boiler and header. The air flow 
recorder employs the same basic principle and is oper- 
ated by a pressure difference which varies with the 
rate of flow. Drop in pressure between the fire box 
and uptake is applied to the opposite side of an oil- 
sealed bell suspended from a knife edge on a beam, 
which is also supported on knife edges, and carries a 
displacing member of variable cross-sectional area im- 
mersed in mercury. Increase in rate of gas flow is 
accompanied by a greater pressure difference which, 
acting on the bell, produces motion of the beam, 
thereby drawing the displacing member out of the mer- 
eury reservoir. This moves until its changes in buoy- 
ancy balances the force produced by the pressure 
difference on the bell. 

Adjustment of the air flow mechanism is made for 
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FIG. 2. BOILER INSTRUMENT CASE CONTAINING ORSAT 
APPARATUS, FLUE GAS THERMOMETERS AND 
DUPLEX DRAFT GAGES 


each individual boiler and is based upon actual tests 
involving flue-gas analysis, draft and temperature read- 
ings, in addition to observation of the fuel bed and 
flame. 

Where individual instruments are employed it is 
frequently desirable to assemble these upon a single 
panel or, as shown in Fig. 2, within a case, this arrange- 
ment being particularly well adapted for use in con- 
nection with a battery of two boilers. The equipment 
comprises two recording flue gas thermometers, two 
duplex draft gages, a single chamber Orsat and a gas 
suction pump. 


Water Levet INDICATORS AND RECORDERS 


SHown In Fig. 3 is a device designed to indicate 
and record the height of water in a tank or cistern, or 
the change of level. The bell-shaped air chamber is 
placed at the bottom, or any other predetermined point 
in the tank or reservoir. As the air in the air chamber 
cannot escape, it is compressed according to the depth 
of the liquid in the tank or the height of water level 
above the air chamber. The corresponding pressure is 
transmitted through the connecting tube to the gage 
and a graphic record of the height of the liquid is 
produced on the chart. 
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When installed in rivers, canals, ete., where currents 
exist, the air chamber should be protected by enclos- 
ing it in a box open at the top. Where the water level 
variations in a tank are slight, and when records show- 
ing such variations only are desired the air chamber 
can be mounted on a bracket slightly below the lowest 
water level, under which conditions, however, a chart 
with lower graduations must be used. 

These instruments are adapted for measuring and 
recording height of water up to 30 ft. and variations 
in level as slight as 1/10 in. 


PLANIMETERS 


For purposes of record and to secure test data, the 
average readings of recording instrument charts are 
frequently desired. These may readily be obtained by 
the use of the radial planimeter, shown in Fig. 4. The 
hub upon which the chart is centered while operating 
slides back and forth in the slot in which it is located; 
this slot is parallel to the axis of the integrating wheel, 
the diameter of which is such that the reading for a 
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Fig. 8. WATER LEVEL INDICATOR AND MODE OF 
INSTALLATION 


complete revolution of the chart must be divided by 
24 to give the average radius in inches. For this reason 
the time intervals must be expressed in terms of 24 hr. 
for one revolution; that is, a trace covering 90 deg. on 
a one-hr. 24-hr. or any chart would have a time interval 
of (90 — 360) X 24, or 6. 

To operate the instrument, slide the chart under the 
integrating wheel and center it in the sliding hub. 
Then mark a starting point on the record and when 
this is directly under the black tracing spot read the 
integrating wheel and vernier; revolve the chart clock- 
wise, at the same time sliding back and forth so that 
the black tracing spot at the center of the glass is 
always kept directly over the record. Subtract the first 
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reading from the final reading of the integrating wheel 
and vernier. 

The chart is easily turned and moved with a rubber 
tipped pencil, resting the hand on the base of the 
planimeter in the manner indicated in Fig. 4. 

The axis of the integrating wheel must. be parallel 
to the slot which guides the hub upon which the chart 
is centered. To test this adjustment draw a diameter 
across the chart, center the chart in the hub and trace 
along this straight line from the zero or base circle 
to the outer circle of the chart. The integrating wheel 
should not revolve. 
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Fig. 4. A RADIAL PLANIMETER AND HOW USED 


The constant for any particular instrument repre- 
sents the distance from the point where the plane of 
the integrating wheel cuts the center line of the slot 
to the black tracing spot in the glass. 

To determine the constant trace a series of concentric 
circles of known radii and find the mean radius of 
each circle. The difference between the radius deter- 
mined from the planimeter readings and actual radii 
of the circles in linear inches will give a series of values 
of the instrument constant. Use the mean of these 
values. 

When the radii of ares in linear inches are larger 
than values obtained by the planimeter the constant is 
to be added to the instrument readings. If the reverse 
condition holds the constant is negative and should be 
subtracted. 

Irregular areas may best be measured by means of 
an Amsler planimeter, a general outline of which is 
shown in Fig. 5. Essentially this instrument consists 
of a fixed arm pivoted at O to a tracing arm which 
carries a small graduated wheel. 

With the tracing point placed at point A on the 
diagram A B C D, note the reading of the graduated 
wheel. Then cause the tracing point to follow path 
A B C D in a elockwise direction until point A is 
again reached, when the reading of the wheel is again 
noted. The difference between these readings will be 
the area of the diagram ‘generally expressed in square 
inches, although in some instruments which are espe- 
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cially designed for use with indicator ecards it is possible 
to obtain a direct reading of the mean effective pressure 
in pounds per square inch. 

Where planimeters are not available irregular areas, 
such as indicator cards, may readily be computed math- 
ematically by the method of ordinates. Perpendicular 
to the atmospheric line erect a number of ordinates, as, 
for instance, 10, equal distances apart. Midway between 
these draw parallel lines extending from the top to 
the bottom of the diagram ; measure these lines in inches, 
add their total lengths and by dividing by the num. 
ber of lines drawn obtain the average height of the 
card. .The area of the card is then equal to this aver- 
age height times the length, while the mean effective pres- 
sure is equal to the product of the average height in 
inches and the scale of spring employed in taking the 
ecard. Where, for example, the average height is 1.25 
in. and the scale of spring used was 40, the mean effec- 
tive pressure is equal to 1.25 times 40 or 50 lb. per 
square inch. 


BRAKES 


OCCASIONALLY it is desired to determine the brake 
horsepower of some prime mover and when this is of 
comparatively small size the Prony brake may be em- 
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FIG. 5. ELEMENTS OF THE AMSLER PLANIMETER 


ployed to advantage. Application of this device to 
an electric motor is shown in Fig. 6. If not already 
so provided, the machine shaft is fitted with a pulley 
having a diameter the same as that of the pitch of 
the pinion or gear removed. Adjust the load as desired 
and note speed of revolving member in revolutions per 
minute, and reading of scale when in a state of balance. 
Dividing product of horizontal distance L from center 
of shaft to point of application on scale platform, scale 
reading in pounds, number of revolutions per minute 
of rotating member and 6.2832, by 33,000 will give 
number of horsepower developed. 

The electric generator, especially when direct-con- 
nected to the prime mover, affords an accurate means 
of determining the output of high-speed engines and 
turbines. In the ease of direct-current generators the 
engine or turbine output is equal to the quotient obtained 
by dividing the product of the number of volts and num- 
ber of amperes by the product of the efficiency of the 
generator under the particular load and speed the 
machine is operating, and 746. When single and two 
phase alternating-current is used, the numerator must 
in turn be multiplied by the power factor expressed as 
a decimal, and where three-phase machines are used 
further multiplication by the square root of 3 is neces- 
sary. Uniform load must be maintained on the gen- 
erator and if sufficient lamps and motors are not 
available to provide this a water rheostat may be used. 
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SPEED INDICATORS 


THE SIMPLEST FORM of speed indicator, the hand 
speed counter, consists of a small steel pointed shaft 
carrying at one end a rubber tip to prevent slipping, 
and geared to operate a counting device. This instru- 
ment is best suited for speeds ranging from 200 to 2000 
r.p.m, 

For such work as recording the number of strokes 
of a reciprocating pump or of a slow-speed steam engine 
the continuous speed counter or cyclometer is useful. 
In this device a series of gears operates a set of disks 
indicating by successive digits total revolutions. 

The tachometer provides instantaneous indications 
of speed and may be of either the indicating or record- 
ing type. In one form centrifugal force is employed. 
Attached to the spindle transmitting the speed are two 
linked weights which, although under the restraint of 
a spring move outward, the degree of travel being 
dependent upon the speed. These weights actuate a 
pointer traveling over a graduated scale. 

A tachometer particularly well adapted to high- 
speed work is that employing a magneto type of electric 
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FIG. 6. APPLICATION OF THE PRONY BRAKE 


generator which indicates speed by a suitably graduated 
voltmeter. For accurate results this instrument should 
be attached directly to the shaft the speed of which is 
to be measured. 


Liquid oxygen has been much used by airmen flying 


at high altitudes. For this purpose it is stored in 
vacuum vessels provided with a mechanism for con- 
trolling the evaporation, and with tubes leading to a 
mouthpiece through which the aviator may inhale. 
There are three types of mechanism. In the first, the 
liquid is heated electrically ; in the second, the evapora- 
tion is promoted and controlled by thermal conduction 
through a rod of copper or aluminum in the liquefied 
gas; in the third the liquid is siphoned out into an evap- 
orating chamber, from which the gas is conducted 
through tubes—to bring it to air-temperature—to the 
airman’s mouth, the rate of evaporation being controlled 
by adjusting the conical stopcock through which the gas 
is passed. , 

Liquid air is stored in spherical metallic vacuum 
vessels holding from 5 to 30 gallons, the high vacuum 
required being maintained by keeping absorbent char- 
coal cooled to the temperature of the liquefied gas, in 
a chamber attached to the lowest part of the external 
wall of the inner vessel, whereby the annular space is 
highly exhausted. These vessels are durable, and the 
rate of loss from the largest does not exceed 5 per cent 
per day.—Compressed Air Magazine. 
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enter chart at scale of per cent oxygen, 
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Multiply the factor in the table corresponding to any given initial temperature of feed water 
and boiler pressure by the total rise in feed-water temperature; the product will be the percent- 
age of saving. . 
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35. POUNDS CIRCULATING WATER REQUIRED PER POUND OF 


STEAM, SURFACE CONDENSERS 
































Tomp. of Temp. of 8 
Cooling | Discharge Vacuum, Inches Mercury 
Vater, Water, 
Deg. P. Deg. F. 22 24 26 27 28 29 | 29.6 
7 80 22.3 | 22.6] 22.6] 22.8] 32.9] 23.2] 23.5 
e 90 18.3 | 16.3] 18.4] 18.5] 18.8] 19.0 | 19.2 
100 15.4] 16.5] 15.6] 15.6] 15.9] 16. 18.2 
36 110 13.5 | 13.6] 13.6] 13.6] 13.7] 13.9] 14.1 
120 11.8 | 11.9] 12.0 | 12.0] 12.1 | 12.3 | 12.4 
130 10.6 | 10.6] 10.7] 10.8] 10.6} 11.0] 11.1 
140 9.6] 9-6] 9.7] 9.8] 9.8] 9. 10.0 
80 25.1 | 25.3| 26.6] 25.6] 25.8 | 26.1 | 26.4 
90 20.1 | 20.2] 20.4] 20.6] 20.6] 20.9] 21.2 
100 16.7] 16.8] 17.0 | 17.1] 17.2] 17.4] 17.6 
40 110 14.3 | 14.4] 14.6] 14.6] 14.7] 14.9] 15.1 
120 12.6 | 12.6] 12.7] 12.8] 12.9] 13.0] 13.2 
130 11.2 | 12.2] 11.3 | 11.4] 11.4] 11.6] 11.7 
140 10.0 | 10.1] 10.2] 10.2] 10.3] 10.4] 10.6 
80 33.5 | 33.7] 34.0 | 34.2] 34.4] 34.9] 35.2 
90 25.1 | 25.3] 26.6 | 26.6] 26.8] 26.1] 26.4 
100 20.1 | 20.2] 20. 20.5] 20.6] 20.9] 21.1 
50 110 16.7 | 16.6] 17.0] 17.1} 17.2] 17.4] 17.6 
120 14.3 | 14.4] 14.6] 14.6] 16.7] 14.9] 16.2 
130 12.5 | 12.6] 12.7] 12.8] 12.9] 13.0 | 13.2 
140 31.1 | 12.2] 11.3 | 11.4] 11.4] 12.6] 11.7 
80 50.3 | 60.6] 53.0] 51.3] 51.7] 52.3] 62. 
90 33.6 | 33.7] 34.0 | 34.2] 34.4] 34.9] 36.2 
100 25.1 | 26.3| 25.6] 25.6} 25.8] 26.1] 26.4 
60 110 -| 20.1 | 20.2] 20.4] 20.6] 20.6] 20.9] 21.1 
120 16.7 | 16.8] 17.0] 17.1] 17.2] 17.4] 17.6 
130 14.3 | 14.4] 14.6] 14.6] 14.7] 14.9] 15.1 
140 12.6 | 12.6] 12.7] 12.6] 12.9] 13.0] 13.2 
80 100.6 | 101.2]102.1 | 102.7 | 103.4 | 104.7 | 105.8 
9 60.3 | 50.6] 51.0 | 51.5] 61.7] 62. 62.9 
100 33.5 | 33.7] 34.0] 34.2] 34.4] 34.9] 36.2 
70 110 25.1 | 25.3] 25.6] 25.6] 26.8] 26.2] 26.4 
120 20.1 | 20.2] 20.4] 20.6] 20. 20. 21.1 
130 16.7 | 16.6| 17.0] 17.1] 17.2] 17.4] 17.6 
140 14.3 14.4] 14.5] 14.6] 14.7] 14.9] 16.1 
90 100.6 | 101.2] 102.2 | 102.7 | 103.4 | 104.7 | 105.8 
100 60.3 | 50:6] 51.0] 51.3] 61.7] 62. 62.9 
60 110 33.5 | 33.7| 34.0] 34.2] 34.4] 34.9] 35.2 
120 25.1 | 25:3] 25.5 | 26.6] 26.8] 26.1 | 26.4 
130 20.1 | 20.2] 20.4] 20.5] 20.6] 20.9] 21.2 
140 16.7] 16.6] 17-0] 17.1] 17.2] 17.4] 17.6 
100 100.6 | 101.2] 102.2 | 103.7 | 103.4 | 104.7 | 106.8 
110 60.3 | 60.6] 61.0} 61.3] 51.7] 52. 52.9 
ad 120 33.5 | 33.7| 34.0] 34.2] 34.4] 34.9] 35.2 
130 25.1 | 25.3] 25.5] 25.6] 25.6] 26.1] 26.4 
140 20.1] 20.2] '20.4] 20.6] 20.6] 20.9] 21. 
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36. COOLING WATER FOR SURFACE CONDENSERS WITH 
VARYING TEMPERATURES AND VACUUM 
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Our Hopes for 1920 


Another year has passed and, as we pause at the 
threshold of 1920, we are forced to wonder what the 
coming 12 months may hold in store for us. True it 
is that the greatest armed conflict of nations ever staged 
has been brought to an end; but, as in the period follow- 
ing all wars, so has this one been followed by industrial 
upheavals and economic disturbances which at times 
have threatened the very vitals of our Government. 
Under irresponsible, almost irrational leadership, many 
have been blindly led to throw caution to the four winds 
and to prepare themselves to wreck the State itself in the 
intent of their leaders to follow the course laid by rad- 
icalism. Happily, however, the more conservative and 
liberal minded have begun to recognize the folly of this 
course and the need of the world for more constructive 
thought and action in place of the tearing down and 
destruction of our established institutions. 

But mere recognition of the need is insufficient. How 
may we individually and collectively as a nation meet 
this need? On the part of the individual there should 
be a fuller understanding of his duties and responsi- 
bilities to his country and his fellowmen, the banishment 
of the individualistic idea, a better understanding that 
democracy involves duties rather than rights, a realiza- 
tion of the responsibilities of employer and employe, one 
to the other, and last, but by no means least, unrestricted 
effort to increase production of all kinds to a maximum 
and reduction of needless consumption to a minimum. 
On the part of the industries, by a fuller realization of 
the fact that business is a great, exciting and interest- 
absorbing game and that only by allowing each worker 
to participate as a player, can loyalty and contentment 
be attained. 

And then our Government. What can it do? Above 
all, it can and must recognize the sovereignty of the 
people and must not, as some of our recent Congresses 
have done, be led by threat or intimidation to pass legis- 
lation in the interests of greedy politicians, special inter- 
ests, religious zealots and fanatics and organized bodies 
of individuals working and existing only for self- 
aggrandizement, all to the hurt and detriment to the 
great majority—the public. 

Such are our hopes for 1920. 

How long will coal remain a commercial commodity ? 

We do not know. We do, however, realize the fact 
that with the present per cent of annual increase of con- 
sumption our available coal deposits are becoming more 
and more inaccessible and, as a consequence, coal will 
not only become scarcer, but is bound to increase in 
price. Eventually, in order to provide an adequate sup- 
ply for domestic use, industry will be forced to employ 
other means for power-producing purposes, and while 
the internal combustion engine already bids fair to com- 
pete with the steam engine and the steam turbine, we 


- believe that electrical energy derived from our existing 


but unused water powers will be depended upon to run 
our mills and factories. Present Federal laws, however, 
place navigable streams under War Department jurisdic- 
tion and cannot, therefore, except under conditions un- 
inviting to capital for such developments, be used for 
power production purposes. This leaves available only 
streams not deemed navigable and, as: the majority of 
these at best could provide but a limited amount of 
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power, little headway may be expected in this direction 
until pending legislation is passed, providing for the use 
of navigable streams for this purpose. In fact, all 
obstacles in any way interfering with the development 
of our water powers should without hesitancy be removed 
and thereby assist in relieving a situation growing daily 
more acute. Delay is fraught with danger, for, -accord- 
ing to no less an authority than Dr. C. P. Steinmetz, 
even though all of our available water power should be 
developed for electrical energy generation, this would be 
but one-fourth of that at present produced by the coal 
consumed. It is therefore imperative that Congress take 
early action not only to remove existing restrictions, but 
also to pass such legislation as will make attractive the 
investment of capital in such developments. 

Such are our hopes for 1920. 

Another year has passed and with regret we note that 
the engineer has done but little to bring himself into his 
rightful place in governmental affairs and executive posi- 
tion. Too engrossed in his work, he finds but little time 
to participate even to a limited extent either in politics 
or civic affairs and as a result, except in a professional 
way, he is of but little service to society. 

Now again, as in an editorial appearing in an early 
issue of 1919, we urge that in the future engineers should 
be as frequent and as prominent as lawyers, doctors or 
business men on public committees and in public office. 
This can be accomplished if each engineer will but get 
outside of his rut—make the most of himself as a man 
—and then co-operate with his fellow engineers to see 
that those fitted by natural endowment and attainments 
for high leadership are given the recognition and posi- 
tions that they deserve. 

And such are our hopes for 1920. 


This Issue 


Among the interesting facts brought to light by the 
work of the Fuel Administration a year ago was the lack 
of definite information possessed by power plant owners 
in general throughout the country relative to the opera- 
tion and condition of their plants. Many of these 
owners were awakened to their needs of such information 
by the requirements of the Fuel Administration and in 
_ their endeavor to collect the proper information and use 
it to best advantage, have called upon the editors of 
Power PLANT ENGINEERING for assistance in planning 
the records, directions for using the data collected and 
suggestions regarding selection of instruments to be 
installed. . 

So numerous were these requests and so inadequate 
are many of the forms now in use that this issue was 
planned and has been prepared to give the reader definite 
instructions for planning his own records, which is, 
after all, an individual problem in each plant. Not 
only directions for planning but for using the data col- 
lected are outlined which is far more important than the 
mere collection of records to be filed away and discarded 
when the space in which they are stored is needed for 
some other purpose. 

The study which has been given the subject indicates 
that in the large majority of cases where records are in 
use the demand for such has come from the owner and 
not, as an engineer would like to think, from the desire 
of the engineer to improve the operation of his plant. 
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Any log sheet will show whether or not it is planned by 
a man well up in the science of power plant operation 
or by the man responsible for the financial success of the 
plant. The majority of records have been found to be 
of the latter type which certainly is not to the credit 
of the engineer in charge of such plants. 

To know costs is essential, but to reduce them is the 
work of the engineer and this can be done only by eare- 
ful and continuous study of operating conditions which 
is aided by arranging the data necessary for this study 
in such a way that it can be compared easily and readily 
and its influence on the rest of the plant indicated. This 
constitutes analysis as the term is used throughout the 
issue. 

The issue does not stop with directions for collecting 
and analyzing cost and operating data, but includes a 
section on tests and an investigation of plant needs. 
These are important and show uses for. material collected 
on daily sheets which in many plants is thought useless. 

Nearly all data collected are instrument readings, it 
is of importance that these be carefully chosen for the 
purpose to which they are to be put and the reader will 
find help in making the proper selection by reference 
to this section of the issue. 

Realizing that the analysis of operating data may 
consume an endless amount of time if the engineer is 
not prepared for the task with charts and tables, a 
large section of the paper is devoted to such information 
applicable in a general way to all steam plants. 

In presenting this issue the editors have used infor- 
mation gleaned from numerous sources, principally the 
excellent handbook of Gillette and Dana on Mechanical 
and Electrical Cost Data, the proceedings of the Amer- 
ican Society of Mechanical Engineers, Gebhardt’s book 
on steam power plant engineering and Moyer’s work on 
power plant testing, to these acknowledgment is given 
here as it has not been possible to give credit in all places 
where the selected information was presented. Our 
gratitude is also extended to manufacturers of instru- 
ments who have aided in presenting the typical descrip- 
tions presented in this issue. 


WHETHER or not the internal combustion type of 
engine will ever supersede the steam engine as a prime 


mover remains to be seen. The fact is that every year 
greater numbers of oil engines of the Diesel and semi- 
Diesel type are being turned out than ever before. This 
causes an increasing demand for engineers who under- 
stand and can operate these engines. 

Literature, however, has not kept pace with advances 
made in oil engine practice, and Lacey H. Morrison’s 
new book on oil engines will help. Its objects are to 
acquaint the oil engine operator with ‘‘details of con- 
struction and methods of adjustments of the most impor- 
tant oil engines manufactured in the United States.’’ 
The first chapter is devoted to a brief history of the 
internal combustion engine. There are chapters on 
Types of Diesel Engines; Installation; Main Bearings; 
Connecting Rods; Valves; Pumps; Governors; Air Com- 
pressor Systems; Lubrication; Cooling; Fuels, and 
Fuel Consumption. Chapter 17 treats of the Semi-Diesel 
Engine, and the remaining nine chapters are devoted to 
low compression types of oil engines. 
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TRADE NEWS 


It Is ANNOUNCED that negotiations have been com- 
pleted whereby Jenkins Bros. will, in the near future, 
increase its manufacturing facilities, by owning and 
operating a plant in Bridgeport, Conn. This plant will 
be devoted entirely to the manufacture of the Jenkins 
valve—an engineering product which dates back to 1865, 
when Nathaniel Jenkins invented and first introduced 
the renewable disc type of valve. 

The heirs of the founder of the business continue to 
hold the controlling interest in the company, thus insur- 
ing the standard of quality which has ever been their 
endeavor to maintain. The present head of the company 
is Farnham Yardley, a son-in-law of the late Alfred B. 
Jenkins. Frank T. Swain, who has been connected with 
Jenkins Bros. since 1879, is vice-president, and it is 
expected that Charles V. Barrington, who has a wide 
experience in the manufacture of valves, will also be 
elected a vice-president of the company, and will be in 
charge of the Bridgeport plant. 

The manufacture of the Jenkins discs, sheet packings, 
pump valves and other mechanical rubber goods, will be 
continued at Elizabeth, N. J. 

To take care of the rapidly increasing business in 
Jenkins valves abroad, the Canadian branch, Jenkins 
Bros. Limited, of Montreal, has recently completed 
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and now has in course of construction a new 192 by 80-ft. 
iron valve foundry. The Canadian branch supplies 
alterations and additions to its brass valve department, 
Jenkins valves throughout Canada and foreign countries, 
while the Bridgeport plant will make valves for use in 
the United States and insular possessions. 


THe Hooven, OWENS, RENTSCHLER Co., of Hamilton, 
Ohio, has opened two new offices and has made one or 
two changes in the personnel of its offices, as follows: 
A new office has been opened in Philadelphia, and C. M. 
Decker, formerly with R. D. Wood Co., has been made 
manager. ‘The office is located at 2129 Land Title 


Building. A new office has also been opened at Rich- 


mond, Va., with E. H. Fairchild, formerly of the C. & G. 
Cooper Co., in charge. E. S. Cooley, formerly with the 
Fall River Ship Building Co., is now connected with 
the New York office of the Hooven, Owens, Rentschler 
Co. Henry E. Balsley, formerly with the American 
Bridge Co., has been made manager of the Chicago 
office. R. C. Holman, formerly with the General Elec- 
trie Co., Centrifugal Department, is now associated 
with the Hooven, Owens, Rentschler Co., in charge of 


all blowing engines. 


Mipwest Enatne Co. held its annual sales convention 
in Indianapolis and Anderson, Ind., from Dee. 2 to 6, 
inclusive. One interesting point brought out was that 
during the war the firm had built several hundred 
Diesel engines for submarines and submarine chasers. 

A test was conducted on a 10-stage tandem turbine 
driven mine pump, built to operate against a 1400-ft. 
head (606 lb.). This pump will be used in a Western 
mine and is said to be only the second pump ever built 
to work against so great a head. 


Tue Star Brass Works, Chicago, IIl., has recently 
issued a new 12-page bulletin, No. 6, pertaining to the 
company’s line of small steam and water jet apparatus, 
comprising steam and water syphons or ejectors, also 
small steam jet pumps applicable to apparatus requiring 
vacuum, used as centrifugal pump primers, etc., fully 
illustrated, also including considerable engineering data 
involved. 


Henry P. THompson, Cincinnati, Ohio, a district 
representative of the American Steam Conveyor Cor- 
poration, Chicago, has added to his sales engineering 
staff Albert A. Casey, who will push the sale of the 
American steam jet conveyor in that territory. Mr. 
Casey is a mechanical engineer, a graduate of the Ohio 
State University and a valuable addition to Mr. Thomp- 
son’s sales organization. 


Linx-Be_t CaTa.oes were lately received as follows: 
Book No. 380, Link-Belt Electric Hoists and Overhead 
Cranes; Book No. 375, Link-Belt Labor-Saving Eleva- 
tors and Conveyors. 


AEROIL THAWING ouTFITs for thawing out frozen 
ears, pockets, hoppers, pipes, switches, loading gates, 
chutes, ete., are illustrated and described in the latest 
bulletin of Aeroil Burner Co., Union Hill, N. J. 


A TWO-YEAR CALENDAR illustrated by halftone views 
of Gardner Governor Co.’s works and apparatus was 
recently received. 





